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C0RKBCTI0N8  AND  INSERTIONS 

All  Motrlbutors.  to  volume  24  have  been  Invited  to  send  corrections  and  In- 
sertlona  to  be  made  In  their  papers,  and  the  volume  has  been  acanned  with  ' 
some  care  by-tbe-  Editor.  The  following  are  such  correctlona  and  Insertlona  as 
are  deemed  worthy  of  attention; 


Page  380,  footnote;  for  "p.  1"  read  pp.  l-2» 
"      395,  line  8  from  top ;  /or  "faunas"  read  fauna 
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Officers,  correspondents,  and  Fellows  of  tbe  Geological  Sodety  of  A 


Session  of  Satdrdat,  Deoeuber  S8 

The  first  general  session  of  the  Society  was  called  to  order  at  9.38 
o'clock  a.  m.,  Saturday,  December  28,  at  liampson  Hall,  Yale  University, 
New  Haven,  Connecticut,  by  President  Fairehild,  who  introduced  Prof. 
L.  V.  PirsBon,  who  in  turn  welcomed  the  visiting  geologists  in  the  name 
of  Yale  University. 

After  making  certain  announcements  the  Secretary  presented  in 
printed  form  the  annual  report  of  the  Council,  as  follows: 

BEPORT   OF   THE    COUNOIL 

To  the  Geological  Society  of  America,  in  twenty-fifth  annual  meeting 
assembled: 

The  regular  annual  meeting  of  the  Conocil  was  held  at  Washington, 
D.  C,  in  connection  with  the  meeting  of  the  Society,  December  37  to  80, 
1911. 

The  details  of  administration  for  the  tventy-fourth  year  of  the  eztst- 
ence  of  the  Society  are  given  in  the  following  reports  of  the  officers: 


Digitized  bvGoOgIc 


REPORT  OP  THE  COUNCII/  3 

SEOBXTAHT'a  Report 
To  the  Council  of  the  Geological  Sodety  of  America: 

Meetings. — The  proceedings  of  the  annual  general  meeting  of  the 
Society  held  at  Washington,  D.  C,  December  37  to  30,  1911,  h&ve  been 
recorded  in  volume  23,  pages  1-68;  of  the  Cordilleran  Section,  pages 
69-76,  and  of  the  Paleontologicai  Society,  pagea  77-93,  of  the  Bulletin. 

Membership. — Ihiring  the  past  year  the  Society  has  lost  five  Fellows 
by  death :  Ernest  R.  Buckley,  Clarence  E.  Button,  Thomas  M.  Jookson, 
W  J  IfcQee  and  Ralph  9.  Tarr;  and  one  Correspondent,  Ferdinand 
Zirkel.  One  resignation  has  become  eSeotive,  and  one  Fellow  has  bees 
dropped  for  non-payment  of  dues.  The  names  of  the  twenty-nine  Fel- 
lows elected  at  the  Washington,  meeting  have  been  added  to  the  list,  all 
of  them  having  completed  their  membership  according  to  the  role.  The 
present  enrollment  of  the  Society  is  343.  Nineteen  candidates  for  fel- 
lowship and  three  nominees  to  correapondentahip  are  before  the  Sodefy 
for  election  and  several  applications  are  imder  consideration  by  the 
Council. 

Distribution  of  Bulletin. — Four  new  subscriptions  to  the  Bulletin 
make  the  number  of  subscribers  109.  Three  names  have  been  dropped 
from  the  exchange  list,  making  the  number  of  exchanges  63.*  One  copy 
was  sent  gratis  to  the  Library  of  Congress. 

The  irregular  distribution  of  the  Bulletin  during  the  past  year  haa 
been  as  follows :  Complete  volumes  sold  to  the  public,  68 ;  sold  to  Fellows, 
1;  sent  out  to  supply  deficiencies,  3,  and  delinquents,  2;  brochores  sent 
out  to  Bupplv  deficiencies,  34,  and  delinquents,  71 ;  sold  to  Fellows,  21 ; 
sold  to  the  public,  73. 

Bulletin  Sales. — The  receipts  from  subscriptions  to  and  sales  of  the 
Bulletin  during  the  past  year  are  shown  in  the  following  table: 

•  Vol.  23,  p.  30,  Tth  Hue,  should  have  rp>id  SO  laitead  ol  CS. 
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.45 
.50 
2.70 

$1.16 
1.70 
1.75 
.60 
.60 
.80 
.16 
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1.60 

$1.16 
1.70 
1.76 
.60 
.60 
.80 
.60 
.46 
.70 
4.30 

Volume   B... 

22.96 

Volume  12 

.60 
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.90 
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5.50 
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212.  IS 
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13  50 
101.50 
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$1,635  76 

$88.60 
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Becelpte  for  the  flscal  year $1,688.60 
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Charged,  but  not  yet  received :  On  IfllO  account 10.46 

On  1911  accouat 11.00 

On  1912  account 101,80 

Total  sales  to  date $Ifi,«80.90 

One  subscription  to  volume  33  is  still  to  be  paid  for. 

Expenditures. — The  following  table  gives  the  cost  of  administration 
and  of  Bulletin  distribution  during  the  past  year : 
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BXTEKDITUBES  or  secretary's  office  prBIKG  THE   FISCAL  YEAR   ENDtttO  HOVEMBES 

so,  lfll2 
Account  of  Adminigtrathm 

Portage  146.16 

Rxpress   3.65 

Printing  and  statloneiT 131.25 

Copy  of  "American  Men  of  Science" S.OO 

Hessmger  service .20 

Dating  stamp  '  1  .SO 

Electrotype  of  seal ,40 

Binding  three  copies  of  Balletln.. 6.10 

Cordllleran  Section  (1911  and  1012) 72.41 

Total  »2«3.B7 

Account  of  Butlettn 

Postage  and  express 106.96 

Collection  of  cbecks 2.14 

Printing  and  etatloner? 1.25 

EnTclopes  for  distribution  of  Balletln 44.80 

Two  pbotograptui  for  Balletln 2.00 

Telegrams  and  messenger  service 3.00 

Jurat  60 

Pnrcbase  of  Bulletin 4.00 

Total  123.64 

Total  expendfturee  for  the  year $S8T.21 

Respectfully  submitted, 

Edmund  Otib  Hotet, 

Secnbay. 
New  York,  December  11. 191Z. 

Tbeasuber's  Repobt 
To  the  Council  of  the  Geological  Society  of  America: 

The  Treaaurer  herewith  submits  his  annual  report  for  the  year  ending 
December  1,  1912. 

One  (1)  Fellow — Burnett  Smith — has  commuted  for  life  during  the 
year  by  the  payment  of  one  hundred  and  fifty  dollars,  thus  increasing  the 
total  Life  Commutations,  since  the  organization  of  the  Society,  to  one 
hundred  and  three  (103),  which,  with  four  (4)  Honorary  Life  Members, 
makes  a  total  of  one  hundred  and  seven  (107).  Three  (3)  Life  Mem- 
bers died  during  the  year  (one  of  them  an  Honorary  Life  Member), 
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which,  vith  tbe  eleven  (11)  previoos  deaths,  leaves  ninety-three  (93) 
living  Life  ATembers. 

Three  (3)  Fellows  are  delinquent  for  three  years  and  three  (3)  Pel- 
lows  are  delinquent  for  two  years,  and  are  therefore  liable  to  be  dropped 
from  the  roll  for  non-payment  of  dues,  in  accordance  with  section  8, 
chapter  1,  of  the  By-Laws;  six  (6)  Fellows  are  delinquent  for  the  present 
year,  making  a  total  of  twelve  (13)  delinquents. 

The  mcrabcr(!hip  of  the  Society,  incIudiDg  delinquents,  aggregates  at 
the  present  tiiiie  342,  of  whom  93  have  eommnted  for  life.  There  have 
been  five  deaths  during  the  year,  one  resignation,  and  one  dropped  from 
the  roll.  Twenty-nine  Fellows  were  elected  at  the  last  meeting,  all  of 
whom  have  qnalified. 

With  the  advice  of  the  Investment  Committee,  the  Treasurer  bongiit 
during  the  year  two  Consolidation  Coal  Company  first  and  refunding 
mortgage  40-year  5  per  cent  sinking  fund  gold  bonds,  at.  a  coat  of 
$1,908.06,  including  accrued  interest. 


Bulaiice  In  treasury  December  1.  ISll 1779.98 

rellowBlilp  fees,  1910  (5) $50.00 

1911  (7) 70.00 

1912(234)   2,340.00 

1918  (2^4) 2B.00 

2,486.00 

Initiation  fees   (29) '  290.00 

Life  rommntfltlou  (1) 150.00 

Inlerpfit  on  Invpstments : 

Iowa  Apartment  Houwe  Company $60.00 

Ontario  Apartment  House  Company 160.00 

Texas  ami  PaclQc  Hailrood  bonds 100.00 

n.  S.  Steel  Corporation  bonds 160.00 

St.    Louis,   Iron   Mountain   and   Southern 

Railroad  bond BO.OO 

St    Louis    nnd    San    Francisco    Railroad 

Equipment  bond 50.00 

Fairmont  nnd  Clarksburg  Traction  bonds.        1(K).00 

Consolidntlon  Coal  Company  bonds 50.00 

Interest  on  deposits  In   Baltimore  Trust 

Compnnj'    66.49 

778.49 

Cnse  Library,  tlilnl  and  final  payment 750.00 

Collection  charges  itdd»l  to  checks .60 

Received  from  Secretary : 

Sales  of  pu  111  lent  Ions $1,688.60 

Authors'  separates  77.37 
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Antbora'  corrections 

Collection  cbarges  added  to  cbecks. . 


Bnlletln    

Salary    

¥268. ST 
123.64 
700.00 

Treasurer's  office: 

40.00 

ro.oo 

Allowance  for  clerical  tilre 

00.00 
2,703.  OR 

Publication  at  Bulletin : 

Printing" 

Engrarlng  

Bditot'H  allowance 

.    $2,166.88 
286.17 
260.00 

Pupchaae  ot  two   (2)    first  and  refunding  mortgage  40- 
year  5  per  cent  Blnklng  fund  gold  bonds  of  Consollda- 

Balance  In  bonk  December  2,  1912 

1,241.80 

Bespectfall;  Bnbmitted, 
Baltihobb,  Ud.,  December  1,  1913. 


Wh.  BmjiOOE  Glare, 

Treamrer. 


fioiTOR's  Report 


T»  the  Council  of  the  Oeologtcal  Society  of  America: 

The  Editor  submits  herewith  his  annual  report.     The  following  tables 
cover  Btatistical  data  for  the  twenty-three  volumes  thus  far  issued: 


Cost. 

Average— 
Volf.  1-20. 

pp.  (HO. 
pis.  65. 

$l,68fl.5K 
390.99 

$2,077.57 

Vol.  21. 

pp.  8:19. 
I.I..  54. 

$2,049.9.1 
401.27 

Vol.  22. 

pp.  758. 
pie.  .■il. 

$1,600.45 
260.81 

Vol.  23. 

pp.  768. 
pfs.  43. 

$2,454.22     1  $1,921.26 

$2,055.10 

Average  per  psRe 

$3.41 

$2.93 

$2.5n 

$2.62 

'TbU  Item  ItKludM  tranaportntloa  ch&rgen  on  tbe  regulBT  dlstributfoD  ot  tbe 

BollattD    : 187.40 

■nd  the  tollowItiB  clurse«  wblch  have  been  retuaata  bjr  tlie  anthors: 

Autbora'  lepantes  tn  eicens  at  number  elreii  gratia  by  the  Sodety 71.28 

Aathora'  correctJoDa  In  eiceH  of  allowance  made  b;  the  Bodet; 27.00 


C.y,l..<.J,,CjOOglC 
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Respecttullr  Bubmitted, 

JoBEPU  Staki£V-Brown,  EdttOT. 

CoLDsPKtSQ  Harbor,  N.  Y.,  December  16,  1912. 

ELECTIOIf  OF  ADDITINO  COHHITTBE 

The  Au<liting  Committee  was  then  elected,  comisting  of  Henry  B. 
Kiimmel,  Whitman  Cross,  and  Herbert  E.  Gregory,  and  the  Treaaurer's 
report  was  referred  to  it. 

ELECTION  OF  OFFICERS 

The  Secretary  declared  the  vote  for  officers  for  1313  as  follows,  the 
ballots  having  been  canvassed  and  counted  by  the  Council  in  accordance 
with  the  By-Laws: 
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President: 
Edoexe  a.  Smith,  University,  Ala. 

Pint  Vice-President: 

Jambs  F.  Kemp,  New  York  City. 

Second  Vice-President: 

R.  D.  Salisbubt,  Chicago,  111. 

Third  Vice-President: 

C.  D.  Walcott,  Waehington,  D.  C. 

Secretary: 

Edmund  Otis  Hovey,  New  York  City. 

Trea»urer: 

William  Bullock  Clark,  Baltimore,  Md. 

Editor: 

JosETii  Stanley-Brown,  Coldspring  Harbor,  N.  Y. 

LOirarian: 

H.  P.  Gushing,  Cleveland,  Ohio. 

Councillors : 

Whitman  Cross,  Washington,  D.  C. 

Willet  G.  Miller,  Toronto,  Canada. 

election  of  correspondents 

The  following  men  were  declared  by  the  Secretary  to  have  been  elected 
in  due  form  Correepon dents  of  the  Society : 

Dr.  BBBWAirir  Cbbdmeb.  Oeb.  Rat,  DIr.  K.  SUctait.  Geo!.  I^andeaanxtalt,  Pro- 
fessor at  tbe  University,  Lelpzli;. 

Prof.  W.  KiuAN,  Collnb.  prliielp..  serviiv  de  In  Cnrte  GSolf^lque  de  France, 
Grenoble. 

Dr.  J.  J.  H.  Teau,  Director  of  tbe  Geoluglcal  Survey  of  Great  Britain.  London. 

ELECTION  OP   FELLOWS 

The  Secretary  announced  the  election  in  due  form  of  the  following 
Fellows,  the  ballots  having  been  canvassed  and  counted  by  ^he  Council : 
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Bbbt  8.  BtnuB,  A.  B.,  A.  M.,  U.  8.  QeologtcBl  Snrrer,  Wasblngrton,  D.  C 

Chablxs  Bdttb,  B.  8.,  M.  8.,  D.  8.  G«o1of(lcs]  Survey,  Washlngtoti,  D.  C 

De  Lobue  DoTiALoaos  Gaibhes,  B.  8c.,  H.  R.,  aeo1(«lcal  Sarrey,  Ottawa, 
GaDAda. 

WiijjAM  Rmebt  Calvebt,  a.  B.,  U.  S.  Oeologlcal  Snrvej',  Washington.  D.  C. 

WiixiAif  Habtbt  BitMONs,  A.  B.,  Ph.  D.,  Untvenltf  of  Hliuesota,  Ulnneapolla, 
Mlna 

Uehbt  Hinds,  B,  A.,  U.  8.  Geological  Survey.  Washington,  D,  C, 

Funk  Jakes  Kato,  A.  B„  U,  S.  Geological  Survey,  Washington,  D.  C. 

Gdwin  Kibk,  a.  B.,  Ph.  D..  U.  S.  Geological  Survey,  Washington,  D,  C. 

IiADBENOi  Lui  FoBOE,  A.  B.,  A  M.,  Ph.  D.,  U.  S.  Geological  Survey,  Washlagton, 
D.  C. 

Fbeo  Howabo  Hornr,  A.  B.,  A.  M;  U.  S.  Geological  Survey,  Wasblagtou,  D.  C 

WiLLUU  CuFTOiT  Pbalbn,  8.  B.,  S.  H.,  Ph.  D.,  D.  S.  GeoI<«lcal  Survey,  Wash- 
ington, D.  C. 

Loms  M.  Pruteox,  A.  B.,  U.  8.  Geol(«tcBl  Bnrvey,  Washlngtoti,  D.  C 

John  Lton  Rich,  A.  B-,  A.  M.,  Ph.  D.,  University  of  rillnola,  Urbana,  III. 

AUBED  RniirALD  8CBUI.TZ,  B.  8.,  Ph.  D.,  IT.  S.  Geological  Surrey,  Washington, 
D.  C. 

BtiaBNB  WESUtY  Shaw,  B.  S.,  U.  8.  Geological  Survey,  Washington,  D.  C. 

Claude  Br-LswoBTH  Siebbnthai.,  A  B.,  A.  M.,  U.  8.  Geological  Survey,  Wash- 
ington, D.  G. 

Caw.  Sm  itb,  B,  A,  U.  8.  Geological  Survey,  Washington,  D.  0. 

Ralph  Waltkb  Stone,  A.  B..  A.  M.,  Ph.  D.,  U,  a  Oeoh^cal  Sorrey,  Washing- 
ton, D.  C. 

Cabboix  Habtet  Wegeuanit,  B.  B.,  H.  A.  U.  8.  Oeolt^lcal  Survey,  Washings 
ton,  D.  C. 

Announcement  was  then  made  that  the  Society  had  lost  the  following 
FellowB  by  death  during  the  year  1918:  E.  R.  Buckley,  C.  E.  Dutton, 
T,  M.  Jackson,  W  J  McGee,  and  Ralph  S.  Tarr,  and  one  Correspondent, 
Ferdinand  Zirkel,  Memorials  of  deceased  Fellows  were  presented  as 
follows : 

MEMOIR  OP  CLARENCE  EDWARD  DDTTON 
BT  J.  8.  DILUB 

Major  Clarence  Edward  Dutton,  one  of  the  first  seismologiBts  of  his 
country,  widely  known  for  his  reports  on  the  Charleston  earthquake,  the 
high  plateaus  of  Utah,  and  the  Grand  Canyon  of  the  Colorado,  waa  born 
May  15,  1841,  at  Wallingford,  Connecticut,  and  died  January  4, 1912,  at 
Englewood,  N.  J,  His  parents  were  Samuel  and  Emily  (Curtis)  Dutton. 
At  Ellington,  Connecticut,  he  received  his  preliminary  education,  and  in 
June  1856,  entered  Yale,  where  he  graduated  in  1860  with  the  degree  of 
A.  B,,  at  the  age  of  nineteen.  April  18,  1864,  he  married  Emeline  (\ 
Babcock,  of  New  Haven,  Connecticut. 
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He  was  appoioted  adjutant  of  the  Twenty-firet  Connecticut  Volun- 
teers in  September,  18613,  and  the  following  year,  March  1,  promoted  to 
captaincy.  In  1864  he  waa  tranaferred  to  the  Ordnance  Corps  of  the 
Regular  Army,  and  served  through  the  remainder  of  the  war.  While 
aeeigned  to  the  Watervliet  Arsenal  in  1865  he  began  his  Bcientific  studies, 
which,  as  he  informed  me,  took  two  directions,  and  both  were  pursued 
with  ardor.  The  first  was  invertebrate  paleontology,  under  the  guidance 
of  Hall  and  Whitfield.  The  second  was  the  study  of  steel,  in  cooperation 
with  Alexander  L.  Holley,  of  the  Bessemer  Steel  Works,  of  Troy. 

At  the  end  of  five  years  he  was  transferred  to  Frankford  Arsenal, 
Philadelphia,  and  thence  to  Washington,  D.  C.  Being  cut  off  from  im- 
mediate contact  with  steel,  his  thoughts  concentrated  on  geology,  espe- 
cially on  the  physical  side  of  the  subject.  lie  became  a  member  of  the 
Philoeophical  Society  of  Washington  in  1872,  and  met  Professor  Henry 
and  Professor  Baird,  who  took  great  interest  in  him.  Through  the 
former  and  Major  Powell  he  was  induced  to  consent  to  a  detail  for  duty 
with  the  Powell  Survey,  beginning  May  15,  1875. 

He  devoted  ten  years  to  the  study  of  the  great  plateau  region  of  the 
West,  and  published  his  results  in  the  three  reports  entitled  "The  Geology 
of  the  High  Plateaus  of  Utah"  (6),'  "The  Tertiary  History  of  the  Grand 
Canyon  District"  (7),  and  "Mount  Taylor  and  the  Zuiii  Plateau"  (16). 
The  plateau  region  of  the  West  is  remarkable,  not  only  for  the  simplicity 
of  its  geological  phenomena,  but  also  for  the  variety  and  the  enormous 
scale  of  the  exposures. 

Duttcm's  general  conclusions  are  summarized  in  the  closing  chapter  of 
the  report  on  Mount  Taylop  and  the  Zufli  Plateau.  Although  contrib- 
uting much  to  the  geological  history  of  the  region,  he  evidently  dwells 
with  greater  pleasure  on  the  physical  problems,  and  remarks,  in  describ- 
ing the  facts,  that  "not  a  trace  of  syetematic  plication  has  yet  been  found 
there,"  referring  especially  to  the  Zuni  part  of  the  plateau  region. 

"The  terms  antlcllnni  and  syncllDal  have  almoBt  dropped  out  of  the  vocabu- 
lary of  the  western  xeokiglst.  The  strata  are  often  flexed,  but  the  type  of 
fleinre  Is  the  monocline, 

"The  country  st  large  shows  no  traces  of  a  widespread,  universal  taorlzontai 
compression;  on  the  contrary,  It  discloses  the  at>sence  of  such  stress.  We 
seem  here  to  get  nearer  to  the  real  nature  of  the  prof-esa  which  hna  built  the 
mountains.  Shorn  of  that  extreme  (vmplexlty  which  confuses  nnd  lien-llders 
UK  in  more  hlKhly  developed  structures,  the  Krent  central  facts  nnd  the  true 
emence  of  the  mechanical  processes  Involved  become  much  clearer.  The  moun- 
tains of  the  West  have  not  been  produced  by  borlsontal  compression,  but  by 
tbe  action  of  some  unknown  forces  beneath,  which  have  pnxhed  them  up." 

iTba  oDmbera  in  (  )  refBr  to  Hat  it  end  of  this  irtlcle. 
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Tbe  greatest  probtemB  of  ph^-sical  geolDg>',  according  to  Dutton  (31), 
are:  First.  What  is  the  potential  cause  of  volcanic  action?  Second. 
What  is  the  cause  of  elcTation  and  subsidence  of  restricted  areas  of  the 
earth's  surface  ?  Third.  What  is  the  cause  of  the  foldings,  distortions, 
and  fractures  of  the  strata  ? 

The  first  two  of  these  he  regarded  as  being  without  satisfactory  explo- 
natioD,  and  for  the  third  he  proposesd  a  solution  in  elucidating  his 
theory  of  isostasy.  After  having  shown  that  the  contractional  hj-pothesis 
is  quantitatively  insufficient  and  qualitatively  inapplicable  in  e.tplaining 
the  folding  of  the  earth's  cnist,  he  presented  in  a  modified  form  and 
greater  detail  the  theory  propounded  many  years  ago  by  Babbage  and 
Herschel.  Tt  was  pointed  out  that  the  unloading  of  the  land  by  erosion 
and  the  loading  up  of  the  sea  floor  by  deposition  resulted  in  a  force  which 
tends  to  push  the  loaded  sea  bottoms  inward  upon  the  unloaded  land 
horizontally— a  force  of  the  precise  kind  that  is  wanted  to  explain  the 
origin  of  Byst«matic  plication. 

This  view  of  the  essentially  isostatic  condition  of  the  earth,  for  which 
he  invented  the  name  txoslasy,  has  been  in  recent  years  most  ably  advo- 
cated, and  in  fact  practically  demonstrated,  by  Prof.  John  F.  Hayford.^ 

Dntton  began  the  study  of  the  volcanic  problems  early  in  his  geological 
career,  and  his  first  papers  in  the  Geological  Sur\ey  (4)  pertaincil  to 
volcanic  products.  In  his  study  of  the  plateau  region  he  had  abundant 
opportunity  to  observe  an  extensive  and  profoundly  interesting  series  of 
complete  and  dissected  volcanic  as  well  as  plutonic  masses.  In  1882  he 
visited  the  Hawaiian  Islands  to  study  Kilauea,  Uauna  Loa,  and  the  other 
great  volcanoes  of  that  region  (13)  before  beginning  his  sun'ey  of  the 
great  volcanic  field  of  northern  California  and  Oregon,  where  in  1885  he 
made  a  special  study  of  Crater  Lake  and  recognized  its  similarity  to  the 
great  calderas  of  Hawaii  (18). 

He  returned  to  military  duty  in  Scpfember,  1890,  and  went  to  Central 
America  and  I^akc  Xicaragua.  In  1891,  while  on  duty  at  San  Antonio, 
Texas,  he  made  frequent  excursions  to  the  volcanoes  of  Mexico. 

In  189fl  he  was  recalled  to  duty  in  the  office  of  the  Chief  of  Ordnance 
in  Washington,  and  on  February-  7,  IflOl,  at  his  own  request,  was  retired 
from  active  service. 

One  of  I>utton's  most  notable  contributions  to  science  recognizes  grav- 
ity as  an  essential  factor  in  causing  volcanic  eniption.     He  was  much 

h  aod  IfiMtan.T.     roaxt  and  (trodpllr  Stin-PT  I'riiort.  irOD ;  atw 

onii.     CoBBl  and  npodrllc  aurre.v  Report  tor  iniO.  and  Igmla'^.r. 

le  bj  [Uniion  LcwU,     Journal  of  <j«olag}:,  roL.  ii.  p.  S02.     8«pt.- 
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impressed  by  Bichthofen'e  order  of  euccesBton  in  the  eruption  of  maaeive 
rocke,  beginning  with  propylite,  a  rock  of  intennediate  compoeitioil,  a^d; 
followed  by  two  seriee,  one  a  lighter  but  less  fimible  acid  series  ending  in 
rhyolite,  and  the  other,  a  heavier  though  more  fusible  basic  series,  ending 
in  basalt. 

By  a  comparison  of  the  chemical  composition,  density,  fusibility,  and 
physical  aspects  of  these  igneous  rocks  with  one  another  and  the  lighter 
rocks  up  through  which  they  were  erupted,  Dutton  was  led  to  the  conclu- 
sion that  "it  is  the  gross  weight  of  the  overlying  cover  of  solid  rocka 
which  presses  the  lava  upward  through  any  passage  where  it  can  find 
rent"  (page  131,  Qeology  of  High  Plateaus),  and  that  the  succession  is 
a  double  sequence  determined  by  density  and  fusibility.  Concerning  the 
origin  of  this  view  in  his  own  mind,  Dutton  remarks  (footnote,  page  131, 
Geology  of  High  Plateaus)  : 

"It  was  when  I  whs  (xtnteniplatlnf;  ttie  great  distances  trarersed  by  Rlendpr 
bamlt  atreanie  In  Routbem  Utah  that  this  theory  euggested  Itself  to  me.'  1  bad- 
no  doubt  that  such  lavas  must  have  heea  ejected  at  a  temperature,  much  more 
tban  anOlcIent  to  melt  tbem.  This  seemed  to  wintrast  powerfully  with  the 
bablts  of  tracbftic  masseB.  It  occurred  to  Die  then  that  tbis  high  temperatui'e 
mlgbt  be  absolutely  essential  to  tbe  eruption  of  so  dense  a  rock  as  liasalt. 
while  a  con^derably  lower  one  would  suOlce  for  lighter  r9ckn.  Immediately 
the  higher  ineltinK  temperature  of  tbe  rliyolUes  and  trachytes  suggented  lt»«ir, 
and  almost  aa  quirkly  as  t  write  It  the  theory  took  form  In  my  mind  and  the 
double  function  of  denxlty  and  fusibility  asxoclnted  Itself  with  a  double  se- 

In  a  letter  October,  1911,  he  writes: 

"Tbe  sabject  of  volcanoes  and  volcanic  action  had  t>ecome  of  paramount' In- 
terent  to  me,  and  I  resolved  to  grapple  with  the  problem.  All  existing  tbeorles 
seemed  to  me  Insufflclent.  and  I  became  a  confirmed  skeptic  as  to  the  cause  of 
volcanic  action. 

"From  IST5  to  1880  I  continued  to  labor  with  the  problem,  but  could  only 
ranclnde  that  the  cause  was  tbe  local  aocumulatloa  of  heat ;  yet  no  reason  for 
It  appeared-  For  a  time  It  seemed  jNiiu^ble  thut  the  Intrusion  of  basaltic 
mnfwee  among  tbe  sedlmentarles  might  lead  to  phemlcal  reactions  which  would 
rurnlHh  tbe  necessary  heat,  as  I'rof.  ReglnHld  A,  Daly  so  ably  propones  In  his 
recent  theory  of  volcanic  action.  But  after  long  reflection  I  could  not  neeept 
that  view,  and  concluded  that  as  science  then  stood  a  solution  was  impossible, 
and  it  would  be  necessary  to  wait  until  some  discovery  should  put  another 
face  upon  the  subject. 

"A  discovery  of  prime  Importance — that  of  radioactivity — ^was  made  In  1897, 
which  reemed  to  furnlBh  tbe  explanation  of  tbe  neceasary  amount  of  heat  near 
tbe  earth's  surface," 

His  final  conclusions  on  volcanoes  and  radioactivity  were  presented  to 
the  National  Academy  of  Sciences,  April  17,  1906  (26). 
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DnttoD  nude  a  special  study  of  the  Charleston  earthquake  in  1886  and 
devised  a  new  method  of  ascertaining  the  depth  of  the  earthquake  focus, 
and  meaaiiTed  with  greater  accuracy  than  ever  before  attained  the  rate  at 
which  an  earthquake  wave  is  propagated.  His  isoseismal  method  of  com- 
puting the  depth  of  focna  invoWes  the  determination  of  two  critical 
points :  First,  the  epicentrum,  and,  second,  a  point  on  a  radius  from  the 
epicentrum  at  which  the  intensity  of  shock  diminishes  most  rapidly.  A 
line  drawn  around  the  epicentrum  through  the  points  of  most  rapid 
change  of  intensity  Dutton  called  index  circle,  and  pointed  out  that  the 
focal  depth  ia  the  product  of  the  radius  on  the  index  circle  multiplied  by 
the  square  root  of  three. 

The  Charleston  earthquake  had  two  foci.  The  depth  of  the  Wood- 
stock focus  he  computed  to  be  twelve  miles  and  of  the  Kantowlee  focus 
nearly  eight  miles.  The  determination  of  the  index:  circle,  as  Dutton 
himself  recognized,  is  a  matter  of  difficulty,  and  the  conclusions  must  be 
rq;arded  ae  only  approximate. 

CoDceming  the  rate  of  propagation,  he  remarks  (2^,  page  311) : 

"After  a  careful  atadr  of  all  discuaeioiis  of  this  particular  problem,  based 
upon  tbe  obeervatlMis  made  In  otber  eartbquakee,  I  have  no  hesitation  In  de- 
claring my  opinion  that  the  resnlt  from  the  Charleston  earthquake  far  out- 
weighs them  all,  and  that  all  preceding  determinations  of  this  quantity  are 
whollf  Invalid  or  wide  of  the  mark." 

The  average  speed  of  propagation  of  the  Charleston  earthquake  Dutton 
determined  from  three  groups  of  observations  to  be  S,184  meters  per 
second.  He  devoted  much  consideration  to  the  nature  and  mechanism 
of  the  earthquake  wave  motion. 

After  his  retirement,  with  abundant  time  at  his  disposal,  his  active 
mind  was  much  employed  in  the  further  study  of  volcanoes  and  earth- 
quakes. His  latest  publication  on  the  latter  subject  is  a  book  entitled 
"Earthquakes  in  the  Light  of  the  New  Seismology,"  a  most  comprehen- 
sive, instructive,  and  useful  contribution  to  popular  knowledge.  To 
quote  his  own  words : 

"Chapter  I  seta  forth  tbe  nature  of  an  earthquake  according  to  tbe  modem 
coDccptai  It  defines  the  technical  terms  need  in  discussion,  and  deacrlbea  the 
action  taking  place  on  the  surface  of  the  ground  during  a  quake  of  great 
energy.  Chapter  II  Is  a  general  discussion  of  the  causes  of  earthquakes.  Two 
causes  are  recognlned,  aM>arently  quite  distinct,  though  possibly  th^  may 
have  Interrelations  not  yet  recognized.  The  first  cause  Is  volcanic ;  the  second 
Is  that  force  which  la  presumed  to  be  always  active  In  disturbing  the  rocks 
which  form  tbe  outer  shell  of  the  earth,  resulting  In  the  buUdtng  of  moun- 
talm,  tbe  folding  and  shearing  of  the  strata,  and  the  elevation  and  depression 
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of  the  earth'B  cruat.  Thus  we  have  two  groups  o(  quokea,  volcanic  oud  tec- 
tonic Tbey  bave  Id  many  cases  distinct  cbaracterlatlcs,  and  tbese  are  de- 
Hpiibed  In  obaptera  III  and  IV." 

The  more  important  instrumente  used  in  seismometry  are  deecribed  in 
chapters  V  and  VI,  and  chapter  VII  discuases  the  details  of  seismic 
vibratory  motion  and  explains  the  four  kinds  of  waves  with  which  the 
inquiry  deals. 

A  chapter  (YIII)  is  given  to  the  amplitude  and  period  of  vibration, 
and  two  chapters  (IX  and  X)  to  the  subject  of  intensity.  The  chapter 
on  the  variation  of  intensity  points  out  the  method  of  computing  the 
depth  of  origin  of  an  earthquake  wherever  observations  si^Bcient  in  num- 
ber anid  accuracy  can  be  obtained. 

"Tbe  speed  of  propagation  of  eelBtiilc  vibrations  la  tben  treated  (XI  and 
XII).  No  upeclAc  prohleni  In  connection  witii  earthquakes  baa  been  more  diil- 
geatir  ioveatiKUted.  Bud  few  are  so  dliUcuit  ns  this.  It  Is  only  very  rece:itly 
tbat  definite  resuits  u|)od  this  question  have  been  reached.  The  chief  trouble 
baa  been  the  great  complexity  of  the  waves  generated  by  an  eartbqualie,  their 
different  rates  of  propagation,  and  the  difficulty  of  separating  one  Itind  from 
another.  Nor  waa  is  known  until  recently  that  some  kinds  of  waves  are 
propagated  through  the  earth-mass,  while  others  go  around  It 

"Since  the  q;>eed  of  propagation  depends  wholly  upon  the  ratio  of  elasticity 
to  density,  it  becomes  an  Index  of  those  proiierties  In  tlie  materlala  which 
compose  the  earth's  Interior.  Chapter  XIII  is  glvm  to  the  discussion  of  this 
aspect  ol  the  subject." 

The  subject  of  earthquake  distribution  or  seismic  geography  is  treated 
in  two  chapters  (XIV  and  XV),  and  the  final  chapter  (XVI)  is  devoted 
to  seaquakes. 

Aa  an  observer,  Button  was  quick  to  grasp  the  comprehensive,  though 
not  overlooking  details,  and  in  the  field  gave  meet  of  his  attention  to  the 
greater  problems.     As  he  puts  it  (Sixth  Ann.  Bept.,  page  198) : 

"I  am  fond  of  viewing  the  facts  observed  In  the  field  In  their  relation  to 
broader  and  more  g^ieral  facts,  and  of  marshaling  them  Into  t^ir  proper 
placea." 

His  method  of  work  in  preparing  his  reports  was  determined  largely 
by  hia  strong  imagination.  He  made  but  little  use  of  field  notes  except- 
ing for  figures.  Shutting  out  all  other  matters  from  his  mind,  even  to 
the  neglect  of  personal  correspondence,  and  without  preparing  a  written 
plan  or  preliminary  draft,  he  read  much  and  discussed  with  his  col- 
leagues. He  held  the  subject  wholly  in  mind  until  his  problems  were 
solved  and  results  fully  attained  before  beginning  to  write;  but  when 
ready  he  penned  aU  his  own  manuscripts  rapidly  under  the  stimulus  of 
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an  enthusiasm  begotten  by  a  coneciouBDeBa  of  his  comprehensive  and  com-- 
plete  knowledge  of  the  subject. 

Macaulay  was  his  favorite  author,  and  doubtless  had  much  influence  in 
fonuing  Dutton's  style,  which  is  perhaps  best  exemplified  in  his  "Ter- 
tiary History  of  tlie  Grand  Canyon  District,"  where  he  remarks  (page 
viii) : 

"1  have  Ip  many  places  deported  from  tbe  severe  ascetic  stylje  which  baa 
t»ecome  conventional  In  sclentlflc  monographB.  I'erbaps  no  apology  is  called 
for.  Under  ordinary  clrcumstanres  the  ascetic  dliiclpline  Ih  u^cessary.  Give 
the  Imaglnatloa  an  Inch  and  It  [s  apt  to  take  at)  ell,  and  the  fuudaiuenttil  re- 
qnlreuient  of  sclentiQc  method — accuracy  of  Btnteiiieut — is  liiiperlled.  But  lu 
the  Grand  Canyon  district  there  Is  no  such  danger.  The  stliiiolants  which  are 
demoralizing  elsewhere  are  neceasary  here  to  exalt  the  mind  suQlciently  to 
comprehend  the  sublimity  of  the  subjects.  Their  sublimity  bas  in  fact  been 
hitherto  underrated.  Qreat  as  Is  the  fame  of  tbe  Grand  Canyon  of  the  Colo- 
rado, the  half  remains  untold" 

For  years  he  smoked  vigorously  at  his  work,  but  in  later  life  he  de- 
sisted. At  one  time  he  became  greatly  interested  in  the  matter  of 
stamps  and  was  employed  by  the  Government  to  make  its  Centennial 
stamp  collection. 

He  gave  much  attention  to  the  Far  Eastern  question,  and  for  amuse- 
ment during  the  leisure  hours  of  later  years  he  wrote  a  book  on  China, 
but  it  did  not  reach  publication. 

His  mind,  well  filled  with  readily  available  knowledge  on  many  sub- 
jects, gave  him  unusual  power  as  a  conversationalist,  and  he  was  fond  of 
discussion,  especially  with  his  compeers,  G.  K.  Gilbert  and  W.  J.  Powell, 
tbe  other  members  of  a  devoted  trio,  of  whom  in  acknowledgment  he 
generously  remarked,  "If  I  paid  them  their  intellectual  dues  I  would  be 
bankrupt." 

Though  somewhat  austere,  Dutton  had  many  friends.  He  was  a  kind, 
lovable,  generous  man,  with  high  ideals  and  an  intense  hatred  of  shams. 
His  last  message  was:  "Farewell  to  my  old  friends  on  the  Geological 
Survey." 

It  is  said  "he  knew  the  end  was  at  hand,  and  he  met  it  calmly  like  the 
philosopher  he  was.     Apparently  he  just  fell  asleep." 

He  died  January  4, 1913,  of  arterio-sclerosis,  at  the  home  of  his  son,  in 
Englewood,  New  Jersey.  His  wife,  Emeline  C.  Dutton,  still  resides  at 
the  same  place,  but  his  son,  Clarence  E.  Dutton,  is  now  at  Edgartown, 
Massachusetts. 

Major  Dutton  was  a  member  of  many  scientific  and  other  organiza- 
tions, among  which  may  be  mentioned  the  Philosophical  Society  of  Waeh- 
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iogton,  the  American  Geographical  Society,  the  Academy  of  Political 
and  Social  Science,  the  Geological  Society  of  America,  the  Seismological 
Society  of  America,  and  the  National  Academy  of  Sciences. 

In  his  writingB  Major  Dutton  had  a  most  vigorous  and  impressive 
style.  His  choice  of  words  is  of  the  best — euphonious,  simple,  but  full  of 
force  and  interest.  His  phraseology  is  direct,  winning  tlie  attention  of 
the  reader  and  holding  it  throughout.  He  may  be  justly  considered  one 
of  the  best  writers  of  popular  geological  science  of  his  day. 

BIBLIOOBAPBY   OF  MAJOR  DUTTOn'S    MOST  lUPOBTANT  UBOIAQtCAL  PUBLICATIONS 

1.  The  cause  of  regional  elevatious  and  subsidences.     Am.  Pbll.  Sac.  Proc., 

vol.  12,  1873.  pp.  70-72. 

2.  A  criticism  upon  the  contractlonnl  taypotliesla.    Am.  Jour,  Scl..  3d  ser.,  vol. 

vUl.  Aug,.  1874.  pp.   113-123. 

3.  Critical  observations  on  theories  of  tbe  earlb'B  physical  evolution.     The 

Penn.  Monthly,  May  and  June,  187(!.  (Reviewed  In  Am.  Jour.  Sci., 
3d  ser.,  vol.  xll.  pp.  142-140.) 

4.  Beport  on  the  Iltboiogic  characters  of  the  Ileury  Mouutaln  Intnislves.  In 

G.  K.  Gilbert's  report  on  the  geology  of  the  Henry  Mauntains,  1877, 

pp,  ei-65. 

5.  On  the  Permian  formation  of  North  America.    Abstract,  Wash.  Soc.  Bull., 

vox  3,  1880,  pp.  67-68. 

6.  GeotoKT  of  the  high  plateaus  of  Utah.    1880.    ITnlted  States  Geograpblcnl 

and  Geol(%lcal  Survey  of  the  Rocky  Mountain  region.  J.  W.  Powell 
Id  cbarge.    307  pp.  and  atlas, 

7.  Tertiary  history  of  the  Grand  Canyon  district,    U.  S,  Qeol.  Survey  Mon.  2. 

1882,  264  pp. 
S.  Physics  of  the  earth's  cmst.  by  Rev.  Osmond  Fisher.    Am.  Jour.  Sol.,  3d 

ser,,  vol.  iilll,  pp.  283-290, 
0.  The  physical  geology  of  the  Grand  Canyon  district     U,  S.  Geol,  Survey, 

2d  Ann.  Rept,  1880-1881,  1882.  pp.  47-166. 

10.  Recent  exploratltms  of  the  volcanic  pbenomena  of  the  Hawaiian  Islands. 

r,*tter  to  J.  D.  Dana,  dated  Washington.  D,  C.  Feb.  8,  1883.  Am. 
Jour.  Sol..  3d  ser..  vol.  xxv.  pp.  219-226, 

11.  Petrographlc  notes  on  the  volcanic  rocks  collected  by  W.  H.  Holmes  In  the 

Yellowstone  National  Park.  United  States  Geological  nud  Geograph- 
ical Surveys  of  the  Tfrrltorles.  F.  V.  Hnyden  In  charge.  12th  Ann. 
Rept  (for  1878),  part  2,  pp.  57-62,    Wiiahlngton.  1883. 

12.  Hawaiian  volcanoes.    U.  8.  Geol.  Survey.  4th  Ann.  Rept.,  1882-1883,  1884, 

pp.  75-219. 

13.  The  effect  of  a  warmer  cHmate  upon  glaciers.    Am.  Jour.  Scl.,  3d  ser.,  vol. 

zxTll.  1884.  pp.  1-ia 

14.  Tbe  volcanic  problem  stated.    Abstract  In  Bull.  Phil.  Soc.  of  Washington, 

vol.  vl,  1884,  pp.  87-92. 

15.  The  volcanoes  and  lava  flelds  of  Xew  Mexico  (abstract).     Wasti,  Phil.  Soc. 

Bull.,  vol.  7,  1886,  pp.  76-79. 
II— Boll.  Omi^  foe.  A^.,  Vol,  24,  ISIS 
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16.  Mount  Tnylor  and  tbe  Zufil  platrau.    TI.  8.  GmI.  Survey,  6tb  Ann.  Rept.. 

1884-1885.  1885.  pp.  10e-19a 
IT.  The  latest  vokiinlc  eruption  in  tlie  Tnlted  States.    Scintre,  vol.  0,  1885.  pi>. 

4fr47. 
18.  Crater  I>ake.  Oret^n,  a  propoxed  national  reservation.     Solenoe.  vol.  T, 

188«.  m».  ]7»-182. 
10.  Tbe  submerged  trees  of  Coiunililn  niver.    SHenoe.  vol.  9.  18ST,  pp.  82-84. 

20.  On  tlip  geologic  noiiieni'liiturt;  in  ta>nerBl  and  tlie  classlflcatlon  nomencln- 

ture  and  dUtlnctlve  eliarni'teri sties  of  tl»e  pre-Canibrlac  formation 
and  the  oi-lglii  of  derpentlne.  luteruatlonal  Cong.  Qeol.,  Am-  Com- 
mittee Iteports,  1888.    A,  1888.  pp.  71-73. 

21.  On  some  of  the  greiiler  problems  of  physical  geology.    Phil.  Soc.  of  Wash- 

ington Bull.,  vol.  k1,  pp.  51A-A  and  ji.  537.     Read  April  27.  188». 

22.  The  Charleston  earthquake  of  August  31,  1886.     U.  S.  Geol.  Snrv«-.  9th 

Ann.  Rept..  1887-1888,  1888.  pp.  20a-528. 

23.  Atlantic  and  Tadflc  Railroad.    Macfarlane's  Qeol.  Railway  Qalde,  2d  ed., 

!«».  p.  .12:t. 

24.  The  crystalline  Tocka  of  uortheni  Ciillfornla  and  wiutbera  Oregon.   Congrt's 

(looi.  Interniitloniil.  C'om|)te  Rendu,  4th  setts.,  pp.  17tl-179.  London. 
ISftl. 

2r>.  Earthquakes  in  the  light  of  the  new  seisntology,  1904,  pp.  314.    6.  P.  Pot- 

nam'e  Sons,  New  York. 
2fi.  Volcanoes  and  I'adtoactlvity.     (Read  l>efore  the  National  Academy  of  Sci- 
.    eiices.  A|>ril  17,  1000.)     Pamphlet,  12  pages;  published  hy,  the  Kngle- 

wood  Times.  Rngleu'ood,  N.  J.,  for  tlie  abthor;  aim  Jour.  Geol..  vol. 

xlv.  pp.  2.^0-2t>K.  and  Pup.  8clem-e  Monthly-,  vol.  OS.  pp.  530-543.    June. 

1900. 

M&MOlIt  OF  W   J  MCOEE 
BT  F.   H.  KKOWUON 

In  these  days  of  advanced  specialization  and  refinement  in  the  study  of 
scientific  problems,  it  has  seemingly  become  increasingly  evident  that  the 
best  measure  of  Buccess  can  only  be  attained  with  the  full  panoply  of  a 
modern  educational  equipment.  Yet  there  have  been  in  the  past,  and 
doubtless  there  will  be  in  the  future,  notable  exceptions  to  this  rule.  It 
is  often  said  of  one  who  has  reached  an  eminence  without  the  stimulating 
aid  of  early  educational  advantage,  that  had  he  fortunately  poasessed  this 
training  no  one  may  measure  tlie  liighei"  eminences  to  which  he  might 
have  ascended.  Kather  is  it  possible — indeed,  probable — that  the  apark 
of  genius  is  stimulated  by  adversity,  and  that  breadth  of  vision  and 
strength  of  character  come  oftener  aa  the  fruit  of  aeticai  rather  than  of 
ease;  for 

'       "So  doth  luxury  make  weaklings  of  us  all." 

Certain  it  is  that  Doctor  McGee  attained  a  very  notable  measure  of 
Bucceas  with  the  minimum  of  formal  educational  training. 
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William  John  McGee — or  simply  W  J  McGee,  as  in  later  years  he 
preferred  to  be  known — was  bom  on  a  farm  at  Parley,  Dubuque  County, 
Iowa,  April  17,  1853,  and  died  at  Washington,  D.  C,  September  6,  1918. 
He  was  the  fourth  of  a  family  of  eight  children  bom  to  James  and 
Martha  Ann  (Anderson)  McGee,  and  is  survived  by  three  brothers  and  a 
sister,  the  others  having  died  in  infancy  or  youth.  His  parents  were  of 
flturdy  Scotch-Irish  stock,  his  great-great-grandfather  on  the  paternal 
aide  haying  been  Alexander  McGee  of  County  Down,  Ireland,  who  came 
early  to  this  country,  and  on  the  maternal  side  the  line  leads  back  to 
Samuel  Anderson,  who  was  born  at  sea,  about  1740,  of  Irish  emigrant 
parents.  The  latter  resided  near  Yorktown,  Virginia,  and  both  partici- 
pated in  the  Revolution  on  the  American  side,  which  perhaps  accounts 
in  a  way  for  McGee'e  intense  Americanism.  In  infancy  and  early  youth, 
although  always  of  large  size  for  the  years,  McGee  was  in  frail  health 
and  somewhat  uncertain  in  disposition,  and  even  in  later  life,  notwith- 
standing his  rugged  physical  appearance,  he  was  far  from  being  as  strong 
as  seemed  apparent. 

McGee's  early  education  followed  the  usual  course  in  sparsely  settled 
county  districts.  He  attended  irregularly  the  county  district  school  until 
he  was  about  14  years  of  age,  but  aa  the  school  was  confessedly  of  low 
grade,  it  is  not  probable  that  he  advanced  much  beyond  the  merest  rudi- 
ments. From  this  time  on  his  education  was  almost  entirely  the  result 
of  intense  individual  eSort.  In  this,  as  is  so  often  the  case,  he  was  ui;ged 
and  stimulated  by  the  mother,  an  excellently  well  informed  woman,  who 
was  particularly  anxious  that  her  family  should  be  well  educated.  The 
last  one  apparently  to  give  him  formal  instruction  (1867-1868)  was  an 
older  brother,  who  speaks  of  him  as  an  exceedingly  apt  pupil,  acquiring 
knowledge  easily  and  retaining  it  in  what  was  later  developed  into  a 
really  marvelous  memory.  His  home  studies  were  continued  over  the 
years  1867-1874,  during  which  time  he  studied  Latin,  German  {in  which 
he  became  especially  proficient),  and  the  higher  mathematics,  including 
astronomy  and  surveying.  He  also  read  law  and  to  some  extent  engaged 
in  justice-court  practice,  but  this  never  was  considered  as  of  much  im- 
portance in  his  plan  of  life  and  was  soon  laid  aside.  He  was,  however, 
an  excellent  surveyor,  having  been  instructed  in  this  field  by  a  maternal 
uncle,  and  his  work  was  much  in  demand  in  the  neighborhood. 

When  about  twenty  years  old  McGee  learned  blacksmithing  and  for 
several  years  engaged  in  the  manufacture  and  sale  of  agricultural  imple- 
mente.  In  conjunction  with  an  older  brother  and  a  cousin,  he  invented 
and  patented  (June  9,  1874)  an  improved  adjustable  cultivator,  but  tiiB 
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enterprise  was  not  financially  successful,  nor  was  the  invention  a  pioneer 
in  its  class. 

It  was  apparently  about  this  time  (1874)  that  McGee's  attention  was 
first  directed  to  geology.  Just  what  the  incident  was  that  first  claimed 
his  attention  and  stimulated  his  interest  in  what  was  later  to  be  one  of 
the  dominating  activities  of  his  life  is  not  known.  The  glacial  mantle 
which  BO  completely  covers  northeastern  Iowa  offered  many  then  un- 
solved problems,  and  together  with  his  brothers  he  explored  with  keen  in- 
terest the  numerous  caves  about  their  home  and  studied  the  peculiar 
rocky  topography  with  more  than  boyish  interest.  He  read  widely  of 
such  books  and  papers  as  were  then  available  on  glaciation  and  its  phe- 
nomena, and  began  independent  ohservations  which  soon  brought  him 
into  communication  and  contact  with  other  workers  in  this  field.  The 
fact  that  he  joined  the  American  Association  for  the  Advancement  of 
Science  in  1878  {27th  meeting,  St.  Louis,  August,  1878),  enrolling  him- 
self in  the  section  of  geology,  shows  that  his  interest  was  even  then  crys- 
tallizing along  these  lines.  So  far  as  learned,  his  first  scientific  paper, 
"On  the  relative  position  of  the  forest  bed  and  associated  formations  in 
northeastern  Iowa,"  was  published  in  1878  and  was  the  forerunner  of 
many  of  like  import.  Between  the  years  1877  and  1881  he  prosecuted, 
as  a  private  enterprise,  a  topographic  and  geologic  survey  of  some  12,000 
square  miles  of  territory  in  northeastern  Iowa,  though  the  full  results 
were  not  published  until  1891, 

McGee's  first  work  under  Federal  auspices  was  a  report  on  the  building 
atones  of  Iowa,  prepared  for  the  Tenth  Census  of  1880,  though  not  pub- 
lished until  four  years  later.  This,  but  more  especially  his  careful  work 
on  the  multifarious  phenomena  of  glaciation  in  the  upper  Mississippi 
Valley,  had  attracted  wider  attention,  and  in  July,  1883,  he  was  called  to 
the  U.  S.  Geological  Survey,  then  under  the  directorship  of  Major  J.  \V. 
Powell.  In  a  very  short  time  he  was  placed  in  charge  of  the  division  of 
Atlantic  Coastal  Plain  geology.  Although  then  hut  thirty^yeara  of  age. 
he  came,  not  as  a  mere  tyro  or  dabbler  in  geology,  as  might  be  presumed 
from  his  previous  isolation,  but  with  an  astonishing  breadth  of  view  and 
maturity  of  judgment,  and  within  the  next  ten  years  he  erected  a  founda- 
tion which  must  always  be  considered  by  any  who  would  study  the  geol- 
ogy of  the  Coastal  Plain.  This  decade— 1883-1894 — covers  the  period 
of  his  most  intensive,  constructive  geological  activities.  He  resigned 
from  the  Geological  Survey  on  June  30, 1893,  to  assume  on  the  following 
day  the  position  of  ethnologist  in  the  Bureau  of  American  Ethnology,  to 
which  department  he  had  accompanied  Major  Powell.  One  year  later 
he  became  ethnologist  in  charge  of  the  Bureau,  and  continued  in  this 
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poeition  until  July  31,  1903,  when  he  resigned  to  assume  charge  of  the 
Department  of  Anthropology  of  the  St.  Tjouis  Exposition,  where  he 
brought  together  an  unprecedented  assemblage  of  the  world's  peoples. 
At  the  close  of  the  exposition  he  became  the  first  director  of  the  St, 
Louis  Public  Museum,  continuing  in  this  position  from  1905  to  1907. 
On  Usrch  14,  1907,  President  Roosevelt  created  an  Inland  Waterways 
Commission,  and  at  the  first  meeting  of  this  Commission  Doctor  McGee 
waB  elected  vice-chairman  and  secretary,  a  position  he  continued  to  fill 
until  his  death.  About  the  same  time  (March  33,  1907)  he  was  ap- 
pointed as  an  expert  in  soil  waters  in  the  Bureau  of  Soils,  U,  S.  Depart- 
ment of  Agriculture,  and  in  this  position  he  also  continued  until  his 
death. 

Aside  from  the  honors  and  responsibilities  which  came  with  a  busy 
oBicial  life,  many  additional  honors  were  conferred  upon  Doctor  McGee. 
He  was  one  of  the  principal  founders  of  the  Columbia  Historical  Society ; 
sometime  president  of  the  American  Anthropological  Association,  the 
.\nthropoIogical  Society  of  Washington,  the  National  Geographic  Society, 
and  the  American  Association  for  the  Advancement  of  Science  (1897). 
He  was  the  senior  speaker  in  the  department  of  anthropology  at  the 
World's  Congress  of  Arts  and  Sciences  in  1904,  and  non-resident  lecturer 
on  anthropology  at  the  State  University  of  Iowa.  In  1901,  in  recogni- 
tion of  his  distinguished  attainments,  the  degree  of  LL.  D.  was  conferred 
on  him  by  Cornell  College,  Iowa,  at  which  time  he  presented  a  compre- 
liensive  essay  on  the  "BeginTiings  of  mathomatics." 

In  1888  Doctor  McGee  was  married  to  Anita  Newcomb,  who,  with  a 
son  and  daughter,  survives  him. 

In  the  field  of  the  Pleistocene  geology  of  the  upper  Mississippi  Valley 
McQee  was  really  a  pioneer.  At  the  time  he  began  his  studies  very  little 
was  known  of  the  glacial  history  of  this  region,  and  he  did  much  to  estab- 
lish a  knowledge  of  the  succession  of  invasions  and  recessions  of  the  ice- 
sheet,  and  while  many  of  his  conclusions  have  been  subject  to  revision  in 
the  light  of  fuller  modem  investigation,  much  of  his  work  remains,  and 
must  remain,  as  a  basis  on  which  subsequent  knowledge  is  to  be  builded. 

McGee's  moat  notable  contributions  to  American  geology  are,  of  course, 
in  the  Atlantic  Coastal  Plain.  In  this  field  there  must  ever  be  associated 
the  names  of  four  notable  students— Hilgard,  Smith,  Dall,  and  HcGcc. 
These  men  have  laid  the  foundation,  however  much  it  has  been,  or  in 
future  will  be,  modified,  upon  which  all  subsequent  work  must  be  erected. 
In  the  particular  phase  of  the  subject  which  McGee  made  his  own  he  was 
again  a  pioneer.  He  saw  and  appreciated  the  broad  problems  of  strati- 
graphic  continuity  and  succession,  of  continental  elevation  and  depres- 
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sion,  and  he  Bet  about  their  solution.  His  work  was  distinctly  constmclive. 
and  as  such  finds  a  permanent  place  in  American  geologic  history.  While 
certain  of  hie  conclusions,  as  is  almost  inevitable  in  pioneer  work,  have 
been  modified  or  revised,  the  broad,  fundamental  generalizations  remain 
as  an  essential  basis  for  later  students. 

After  an  interval  of  a  dozen  years  or  more  following  the  close  of  his 
studies  on  Coastal  Plain  geology,  during  which  his  attention  was  mainly 
occupied  in  the  field  of  ethnology.  Doctor  McGee  again  returned  to  the 
consideration  of  certain  collateral  geologic  problems.  It  had  come  to  be 
the  fancy  in  certain  quarters  that  the  removal  of  the  forest  or  vegetal 
coYering  had  little  or  no  influence  on  the  run-off  of  surface  waters.  His 
report  on  "Soil  Erosion,"  published  as  a  bulletin  of  the  Bureau  of  Soiln 
in  the  United  States  Department  of  Agriculture,  is  a  complete  and 
graphic  refutation — if  such  were  really  needed — of  this  contention.  His 
last  work,  completed  le^  than  a  month  before  his  death,  and  also  to  be 
published  as  a  bulletin  of  tiie  Bureau  of  Soils,  is  an  elaborate  study  of 
aubeoil  water  and  iis  essential  relation  to  agriculture. 

Of  his  anthropological  and  ethnological  work  only  the  briefest  mention 
may  be  made  here.  While  much  of  his  time  was  given  to  administrative 
work,  he  nevertheless  found  opportunity  for  a  number  of  studies,  perhaps 
the  most  notable  being  a  study  of  the  Seri  Indians,  a  fierce,  previously 
unstudied  tribe  inhabiting  certain  islands  off  the  coast  of  Ixiwer  Cali- 
fornia. 

Doctor  Mcflee  did  much  for  the  Geological  Society  of  America.  He 
was  one  of  its  founders  and  served  for  four  years  as  its  editor,  establish- 
ing the  Bdlletin,  its  official  publication,  on  the  high  plane  it  then  and 
has  since  maintained.  His  constant  attendance  at  the  meetings  during 
the  earlier  years  of  the  Society's  existence  will  be  recalled,  as  well  as  his 
contributions  to  many  notable  discussions  of  geologic  problems. 

W  J  McGee  was  a  man  of  commanding  presence,  one  who  would  attract 
attention  in  whatever  assemblage  he  might  find  himself.  Although 
seemingly  somewhat  formal  in  address  to  those  not  intimately  acquainted 
with  him,  he  was,  nevertheless,  n  man  of  cordial,  sympathetic  manner 
and  of  deep  human  sympathies.  It  is  related  of  him  that  once,  when  in 
attendance  on  a  meeting  of  the  American  Association,  he  was  asked  by  a 
local  divine  to  fill  his  pulpit  at  the  Sunday  evening  een'ice.  Although 
not  affiliated  with  any  church,  McGee  accepted  at  once,  and,  selecting  aa 
his  text  the  words  "l.'Ove  ye  one  another,"  delivered  an  address  replete 
with  human  sympathy  and  understanding.  He  was  kindly  and  consid- 
erate to  those  who  worked  with  him  and  generous  to  a  degree,  it  being 
rare  indeed — too  rarely  for  his  own  best  interest — that  an  appeal  waa 
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without  subetantial  reward.  He  was  a  good  conversationalist  and  a 
ready  public  speaker,  having  at  command  a  splendid  memory  and  a  really 
wonderful  vocabulary;  in  fact,  in  the  use  of  the  latter  he  sometimes 
seemed  to  border  on  the  pedantic,  yet  when  a  new  or  unfamiliar  word 
was  used  it  was  usually  found  in  last  analysis  that  it  was  a  fitting  word 
for  the  shade  of  meaning  desired  to  be  conveyed. 

McGee  was  a  helpful  man,  ever  ready  with  connsel  and  inf<)nnation  to 
assist  whomsoever  might  come  to  him.  To  the  younger  men  he  was 
especially  considerate  and  helpful,  drawing  freely  upon  his  vast  store- 
house of  information  without  thought  or  regard  for  personal  credit. 
When  the  so-called  conservation  movement  was  launched  a  few  years  ago, 
the  exigencies  of  public  life  made  it  impossible  for  full  credit  to  be  given 
to  all  who  had  a  guiding  hand  in  the  work,  but  from  one  in  position  to 
know  it  appears  that  the  success  of  this  movement  was  in  large  measure 
due  to  the  far-sighted,  comprehensive  policy  and  sterling  advice  of  Doctor 
McGee,  Many  of  the  activities  of  the  Inland  Waterways  ('onimission, 
of  which,  as  already  mentioned,  he  was  the  Viee-Chairman  and  Secre- 
tary, were  due  to  his  energy  and  initiative.  Laborious  statiMtical  tables 
were  compiled  and  scattered  information  brought  together  in  usable 
form.  During  all  these  later  years,  although  not  engaged  in  active  geo- 
I<^cal  inyeetigation,  he  was  always  willing  and  anxious  to  discuss  the 
newer  results  in  the  several  fields  and  to  accept  without  question  or  re- 
sentment those  which  offered  a  surer  solution  than  any  he  had  himself 
proposed. 

Although  it  is  said  of  Doctor  McGee  that  in  early  life  he  was  dis- 
tinctly averse  to  manual  labor,  in  later  life  he  certainly  developed  un- 
tiring energy,  as  a  glance  at  his  many  and  varied  accomplishments  will 
show.  He  was  also  a  good  organizer  and  was  systematic  and  painstaking 
in  all  he  undertook.  His  last  work  on  "Wells  and  Subsoil  Water,"  the 
proof-sheets  of  which  lie  before  me,  was  recalled  during  the  last  weeks  of 
his  illness  and  was  finally  submitted,  but  two  weeks  before  his  death, 
complete  to  the  last  detail. 

It  is  perhaps  fitting  in  this  connection  that  a  word  should  be  said  of 
the  remarkable  courage  and  fortitude  exhibited  by  Doctor  McOee  during 
the  progress  and  culmination  of  the  insidious  malady  (cancer)  which 
caused  his  death.  For  the  benefit  of  humanity  he  made  a  special  study 
of  his  own  case,  setting  down  calmly  and  jmperturbably  the  progress  of 
the  disease  from  its  first  observed  inception,  in  1894,  to  its  obvious  domi- 
nance, in  April,  1918,  this  diagnosis  being  published  a  few  days  after  his 
death  (Scienre,  September  1-1,  1!)12).  It  thus  appears  that  for  the  last 
fifteen  years  of  his  life  his  work — some  of  it  the  most  exacting  of  his 
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career — was  carried  on  in  the  impending  shadow  of  certain  dissolution, 
much  of  it  at  the  last  under  the  stress  of  acute  physical  suffering,  but 
there  was  no  slighting,  no  faltering,  no  repining. 

As  showing  his  abiding  devotion  to  the  cause  of  science  and  the  public 
good,  the  following  paragraph  may  be  quoted  from  his  will : 

"Pursuant  to  an  Intention  fixed  iu  early  uianhood  on  learning  that  a  certain 
State  provided  by  law  tbat  medical  grnduales  should  bare  bad  dlssecttng-rooiu 
eiiierleiice.  and  yet  niiult'  iii>  iirovislon  for  Hie  re^|Ul^'lte  nubJeftB ;  iind  cou- 
fumiably  wltli  tlip  RhcK'kiug  eitinoniic  wawte  represented  by  tbe  cities  of  tlie 
dead  in  the  long  fettled  portions  of  the  <'<mntry ;  and  In  a<'«>rdance  with  uiy 
ciiHtoui  of  devoting  my  efforts  and  niyscir  to  tbe  public  good,  I  give  and  be- 
queath my  body  for  purposes  of  dissection  to  any  medical  collie  selected  by 
my  executor." 

On  the  relative  positions  of  tbe  foretjt  bed  and  associated  drift  formations  In 

nortbeastom  Iowa,    Am.  Jour.  Rcl.,  M  ser.,  vol.  15,  1878,  pp.  339-341. 
On  the  artificial  mounds  of  northeastern  lown,  and  tbe  evidence  of  tbe  raaploy- 

ment  of  a  unit  of  measureaient  in  their  erection.    Am.  Jour.  Sci.,  3d  ser., 

vol.  16.  1878,  pp.  272-279. 
On  the  complete  series  of  superficial  formutlous  In  northeastern  Iowa.    Am, 

Assoc.  Adv.  Scl.,  Proc,  vol.  27,  1979,  pp.  198-2.11. 
Notes  on  the  surface  geology  of  a  part  of  the  Mississippi  Valley.     GeoL  Mag., 

n.  s..  vol.  6,  187fl,  pp.  35.t-361 ;  412-420. 
Superposition  of  glacial  drift  uiiou  residuary  clays  [Iowa].    Am.  Jour.  Scl.,  3d 

ser.,  vol.  18.  1879,  pp.  301-.TO3. 
On  some  lown  Ijaiues  and  aasar,     Iowa  Acad.  Scl.,  Proc.,  vol.  1,  pt.  1,  1875- 

1880,  p.  IS. 

The  "lolerite"  of  the  Indian  I'entnsula.     Geol.   Mag.,   ii.  s.,  vol.   7,   1880,   pp. 

310-313. 
A  contrlbutlou  to  Dr.  Orotl's  theory  of  secular  change  in  terrestrial  climate. 

Iowa  Acad.  Scl.,  I'nx-.,  vol.  1,  pt.  1.  1875-1880,  p.  24. 
Additional  observations  on  Iowa  kames  and  aasar.     Iowa  Acad.  Scl.,  Proc.. 

vol.  1.  pt,  1,  1875-1880,  p.  25. 
On   ntaxlniuui   syuchrirtinos  glaclatlon.     Am.   Assoc.   Adv.   Scl..   Proc..  vol.  21i. 

1881.  pp.  447-509.    Abstracts:  Science,  vol.  2,  1881,  pp.  5fiC-5«7;  Am.  Jour. 
Scl.,  3d  ser.,  vol.  22,  1881,  pp,  204-267;  3rW-.1(a. 

A  contribution  to  C^roll's  theory  of  secular  climatic  changes.    Am.  Jour.  Scl., 

vol.  22.  1881.  pp.  4.'i7-M3;  Auier.  Assoc.  Adv.  Scl.,  Proc..  vol.  2,  1881,  pp. 

175.  176. 
On  some  elements  lu  ortUogrnpbic  displacement.    Am.  Jour.  Scl.,  3d  ser.,  vol. 

21,  1881,  pp.  27rt-27a 
The  geology  of  Iowa  soils,     Iowa  State  Horticultural  Soc.,  Trans.,  vol.  15, 

1881.  lip.  101-10.^. 
Shale  and  llavts'  ■■(ll,i,.[ei-«."     Science,  vol.  2.  1881.  pp.  .fWl-584;  (l24-<!m 
On  local  subsldeuce  produced  by  an  Ice-sheet.    Am.  Jour.  Scl.,  34  ser.,  vol.  H, 

1881,  pp.  3fi8.  3C0. 
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HodlQcatlons  propoatoi  dans  la  nomenrlature  K«ol(«Iqne.    Int  Cong.  CMoI., 

Compt«  Rendu,  2d  aer.,  18S2,  pp.  420-622. 
Eraporation  and  ecventrlolty  as  cofartors  lu  glacial  periods.     Am.  Jour.  Sci., 

3d  ser.,  vol.  23,  1SS2,  pp.  61,  62. 
Tbe  relations  of  geology  and  agriculture.     Iowa   State  Horticultural    8oa, 

Trans.,  vol.  16,  1882,  pp.  227-240 
And  Call   (R.  Ellswortli). 
On  tlie  loe«8  and  aiuioclat«d  deposits  of  Des  Moines  [Iowa].    Am.  Jonr.  Scl., 

3d  Her.,  1882,  pp.  202-223. 
Note  on  jointed  structure  [Iowa].     Am.  Jour.  Scl.,  3d  ser.,  vol.  26,  1883,  pp. 

152,  153. 
Report  on  geoloKr  and  soIIk.    Iowa  Stnte  Horticultural  Soc.,  Trans.,  vol,  17, 

1883,  pp.  270-28a 
On  tbe  orlglii  and  hade  of  normal  faults.    Am.  Jour.  Scl.,  3d  ser.,  voL  26, 

1883,  pp.  294-298. 
On  tlie  present  status  of  tbe  eccentricity  tlieory  of  glacial  climate.    Am.  Jour. 

Scl..  3d  ser.,  vol.  28.  1883.  pp.  113-120. 
On  glacial  canyons.    Am.  Aseoc.  Adv.  Scl.,  Proc,  vol.  32,  1883,  p.  238.    Ab- 
stract: Science,  vol,  2,  1S83,  pp.  315,  316. 
The  geological  dlstribntion  of  forests.     Pop.  Scl.  Mo.,  vol.  24.  1883.  p.  115. 
On  tbe  cause  of  tbe  glacial  period.    Am.  Jour.  Sci.,  3d  ser.,  vol.  28.  1883,  p.  244. 
Tbe  drainage  system  and  the  distribution  of  the  loess  of  eastern  Io>wb.    Wasb. 

Pbll.  Soc..  Bull.,  vol.  6,  1SS3.  pp.  »3-97;  Iowa  State  Horticultural  Soc., 

Trans.,  vol.  18,  1883.  pp.  (reprint)  1-14.    Abstract:  Science,  vol.  2,  1883, 

pp.  762,  768. 
[Subterranean  forest  In  District  of  Columbia.]     Science,  vol.  2,  188B,  p.  724. 
Wbat  Is  a  glacier?    Pbll.  Soc.  Wash.,  Bull.,  vol.  7,  1884.  p.  38. 
Iowa   [building  stones].     lOtb  (.'cdbus  IJ.  8.  Itept.  on  building  stohes  of  the 

United  States  and  statistics  of  tbe  quarry  Industry  for  1880.  pp.  206-265. 
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Prof.  Ralph  Stockman  Tarr  was  bom  in  Qlouceeter,  Haaeachusetts, 
January  15,  1864,  the  son  of  Silas  Tarr,  a  contractor,  and  his  wife,  Abi- 
gail Tarr,  nfe  Saundere.  He  died  suddenly,  March  31,  1913,  at  [thaca, 
Xew  York,  where  his  grave  may  be  seen. 

Tarr'8  boyhood  was  spent  in  Gloucester  and  about  Cape  Ann,  the  most 
typical  portion  of  the  New  England  rock-bound  coast,  environed  with 
^nite  quarries  ashore  and  a  seaport  teeming  with  marine  life.  By  this 
environment  and  a  readily  undenttood  chain  of  human  influences,  the 
chief  links  in  which  were  Hyatt  and  Shaler,  Tarr  was  led  along  with 
ever- increasing  enthusiasm  into  the  life-path  of  the  naturalist. 

The  youth  whose  life  we  are  to  sketch  went  through  the  public  schools 
of  his  native  town,  graduating  from  the  local  high  school  in  1881.  In 
the  summer  of  that  year  he  entered  the  school  of  zoology,  held  at  Salem, 
aud  in  the  following  autumn  was  enrolled  at  Harvard  University  as  a 
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Special  student  in  the  LawreDce  Scientific  School,  evidently  with  the  in- 
tention of  becoming  a.  zoologist.  In'  188S  he  returned  to  Annisquain, 
near  Glouce§ter,  to  act  as  an  aasistant  to  Professor  ^yatt  in  the  zoologi- 
cal laboratory  at  that  place,  in  connection  with  which  institution  he  for 
about  two  years  was  engaged  principally  in  collecting  and  dredging  ma- 
rine animalp  in  Ipswich  Bay.  During  this  time,  in  1883,  he  joined  the 
17,  S,  Pish  Commission,  under  Dr.  Spencer  V.  Baird,  and  took  part  in 
deep-sea  exploration  south  of  New  England  on  the  steamers  Fishhawk 
and  Albatroai.  In  the  winter  of  1884  he  was  an  asBietant  in  the  division 
of  invertebrate  zoology  of  the  U.  S.  National  Museum  in  Washington. 
In  a  complete  bibliography  of  his  writings  there  will  be  found  lists  of 
zoological  specimens  published  at  this  time,  as  well  as  articles  of  a  scien- 
tific character  furnished  to  the  public  press. 

Hyatt  had  apparently  so  far  been  the  chief  counselor  of  Tarr,  the  stu- 
dent of  zoology.  At  Harvard  Tarr  had  met  Shaler.'  In  the  fall  of  1888 
Tarr  returned  to  Harvard  and  began  the  study  of  geology  under  Shaler, 
of  physical  geography  under  Davis,  and  later  of  petrography  under  WolfF, 
with  lectures  on  economic  geology  by  J.  D,  Whitney. 

At  Harvard  Tarr  was  perhaps  the  most  brilliant  and  versatile  member 
of  a  group  of  students  drawn  to  the  department  of  geology  by  the  unique 
personality  of  Shaler.  Penrose  was  about  completing  his  academic 
studies  when  Tarr  came.  The  group  to  which  Tarr  attached  himself 
comprised  Charles  Livy  Whittle,  who  shared  his  college  room  in  Holyoke, 
14,  later  a  member  of  the  U.  S.  Geological  Survey,  and  now  a  mining 
geologist  of  Boston ;  Collier  Cobb,  now  professor  of  geology  at  the  Uni- 
versity of  North  Carolina;  Dr.  George  Edgar  Ladd,  sometime  director 
of  the  Rolla  School  of  Mines ;  Dr.  August  P.  Foerste,  a  Fellow  of  this 
Society ;  Prof,  B.  E,  Dodge,  and  the  writer.  There  were  other  associates 
outside  of  the  geological  eircle.  Some  of  those  inside  this  circle  knew, 
him  before  I  made  his  acquaintance  and  were  his  intimates  to  a  greater 
degree.  To  me  Tarr  was  the  most  interesting,  congenial,  and  sympa- 
thetic of  my  college  friends.  He  invited  me  to  his  parents'  home  at 
Gloucester,  and  between  us  there  sprang  up  a  friendship  based  upon 
good-will  and  an  interest  in  our  common  subject  of  study  that  led  when 
Tarr  left  Cambridge  to  a  correspondence  which  for  years  on  his  part 
constitutes  so  faithful  an  account  of  life  as  a  geologist  and  college  pro- 
fessor that  it  seeme  appropriate  in  this  memorial  to  allow  abstracts  from 
his  letters  to  tell  that  story  of  his  noble  persistence  and  fruitful  endeavor. 
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Id  what  follows  I  Bhall  draw  largely  from  these  sources,  which  form  for 
more  than  a  decade  a  record  of  his  sctivitieB. 

Tarr's  first  geological  field  work  was  done  on  Cape  Ann  under  Shaler's 
direction.  Id  Shaler's  Report  on  the  Geology  of  Cape  Ann  he  states  "by 
far  the  larger  part  of  the  field  obsen'ations  embodied  in  this  memoir  have 
been  made  by  my  asaiatant,  Mr,  Ralph  S.  Tarr,"' 

Upon  the  organization  of  the  arid  land  work  of  the  17.  S.  Geological 
Surrey,  under  Xewell,  Tarr  left  college  to  spend  the  government  year 
1887-1888  in  that  service.  Following  this  experience  he  acted  as  assiet-: 
ant  geologist,  under  Durable,  on  the  Geological  Survey  of  Texas  in  1889- 
1890.    From  San  Saba,  Texas,  he  wrote,  December  25,  1889 : 

,  for  I  want  to  make  every 

Id  the  summer  of  1890  Tarr  was  back  io  New  England,  assisting 
Shaler  in  mapping  the  glacial  deposits  of  Massachusetta  and  Connecticut 
for  the  U.  S.  Geological  Survey.  He  was  elected  a  Fellow  of  the  Geo- 
l(^cal  Society  of  America  in  August  of  that  year. 

That  fall  he  reentered  the  Lawrence  Scientific  School  to  complete  the 
work  for  the  bachelor's  degree,  graduating  with  the  class  of  1891.  Dur- 
ing the  academic  year  he  also  acted  as  assistant  in  geology  in  the  labo^ 
ratories. 

In  the  summer  of  1891  he  was  engaged  as  Professor  WolfTs  assistant 
on  the  U.  S.  Geological  Sui-vey  in  the  highlands  of  New  Jersey.  On  July 
18  he  wrote  from  Andover,  New  Jersey : 

"Uy  work  la  getting  along  Bwlmmtnglr.  It  by  that  you  mean  I  am  entirely 
at  seal  .  .  .  Tbe  only  way  Is  to  plug  ahead  blindly  witb  tbe  areal  work, 
patting  down  and  plotting  every  observation  and  examining  all  the  ground. 
The  problema  anggest  tbemselves,  tben,  and  tben  comes  tbe  aolntlon." 

Again,  on  October  14,  he  wrote: 

".  .  .  FoerHte*  Is  In  tbe  Tlclnlty  knocking  ont  foaslls.  He  has  found  foa- 
sllit  In  tbree  of  my  localities.  Wbat  an  eye  be  lianl  It  nlmoat  seems  as  If  be 
had  an  extra  sense  entirely  lacking  In  me." 

Still  later,  November  39,  he  says : 

"Since  returning  I  bave  been  plugging  away  and  making  little  progress, 
tbongb  I  believe  I  am  on  the  track  of  some  Interesting  tblngSL  Still  tbla  may 
be  tbe  same  old  will-o'-the-wlsp  which  haa  been  leading  me  on  all  summer. 
Time  and  time  again  I  bave  been  almost  persuaded  that  I  bad  tbe  matter  In 
band  to  Qnd  a  thing  wblcb  disproved  it  all."    .    .    . 
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TaiT  was  appointed  asaiBtant  professor  of  dynamic  geology  and  phys- 
ical geography  at  Cornell  University  early  in  1892  for  the  remainder  oE 
the  year.     On  February  9  he  wrote : 

"EverfthlnK  is  ver7  pleasant  bere.  I  bare  never  felt  bo  ttiorougbly  cou- 
tented  before.  Tbere-  Is  plenty  to  do  wltbout  that  Infernal  feelli^  of  nisb 
wtalcb  hangs  In  tlie  Cambridge  at&iotiphere.  I  plug  ahead,  doing  a  good,  solid 
dai''s  work,  but  do  not  keep  It  up  till  midnight" 

Hia  first  geological  papera  now  made  their  appearance,  and  he  notes 
the  satisfaction  he  felt  in  the  reception  of  his  rift  paper  by  petrographers, 
his  Permian  paper  by  Mesozoic  paleontologists,  and  his  Maeeachusetts 
moraine  paper  by  glacialiets.  Kind-hearted  Bussell  sent  him  in  ex- 
change all  of  his  publications  on  Mount  St.  Elias,  "which  are,  as  yon  of 
course  know,"  says  Tarr,  "the  most  remarkable  glacial  publications  of 
the  decade."  This  appreciation  of  kindneBses  shown  him  was  a  strong 
trait  iu  Tarr's  communications,  both  spoken  and  written; 

The  year  1892  was  a  troublesome  one  for  Government  geologists. 

Tarr  was  married  in  March,  and  early  in  the  summer  took  again  to  the 
field  in  New  Jersey  to  continue  the  work  on  the  crystalline  rocks  of  the 
highlands.  In  midsummer  came  the  notice  that  the  Qeological  Survey 
had  failed  to  obtain  the  expected  appropriation  from  Congress.  EntJru 
parties  of  men  in  the  field  were  left  to  their  own  devices.  On  August  6 
Tarr  wrote  from  Gloucester : 

"Jiut  B  word  to  let  Ton  know  where  the  cyclone  has  landed  me.  ...  It 
has  left  me  bigb  and  dry,  so  far  as  I  can  see.  I  hear  no  word  fnun  either 
Madison  or  Ithaca,  and  have  Uttie  hope  of  either  place,  ttiougb.  of  course, 
there  la  still  a  chance.  If  notblog  turns  up  I  sbnll  be  in  Cambridge  during  the 
winter  and  will  try  for  a  higher  degree." 

By  the  25tii  of  August  the  sky  had  cleared,  and  he  knew  that  he  wu3 
going  back  to  Ithaca  for  another  year^  On  returning  to  Cornell  there 
were  collections  to  put  into  shape  and  the  usual  routine  of  college  work 
The  academic  year  woe  one  of  hard  work,  not  without  apprehension  con- 
cerning the  future.     On  the  18th  of  May,  1893,  be  wrote: 

"I  still  have  to  teach  a  wide  range  of  subjects,  but  am  gradually  turolng 
them  off.  Whenever  the  department  Is  settled  tbere  will  be  a  differentiation, 
and  I  will  be  able  to  discard  petri^raphy  and  economic  geology." 

The  stoppage  of  the  Geological  Survey  work  in  New  Jersey  left  Tarr, 
in  the  summer  of  1893,  to  employ  his  vacation  to  the  best  of  his  ability. 
He  went  to  Gloucester,  but  was  by  no  means  idle.  Few  of  his  friends 
heard  from  him  during  the  summer.  On  September  23  he  wrote  from 
Ithaca : 
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"I  was  very  busy  all  auninier  nnd  kept  myself  pretty  close  to  my  tenipomry 
study.  I  cnme  here  Septeml>er  1  and  aui  iigfllii  well  In  tlie  hnmesB.  ...  I 
must  npologke  for  my  Hilence  tblB  sunmier.  but  I  i;ot  uiy  none  dowu  to  tbe 
(piDdstane  nod  rould  Dot  get  It  away." 

On  October  1  Tarr  gave  an  explanation  of  hia  unusual  silence : 

"I  faove  put  in  eight  sothl  hours  a  (tiiy.  otid  an  a  result  I  have  Dnlshed  a  text- 
book on  economic  geology,  and  yetiterdny  sent  the  mntiuscrlpt  and  llluatratlons 
onnplete  to  the  publisher.  It  was  uiy  plan  to  do  a  little  field  work  near  Glou- 
cester, do  n  good  deal  of  much  needed  reading,  and  prepare  a  syllabus  on 
economic  geology  for  use  In  niy  class  in  the  spring  term,  for,  ns  you  no  doubt 
knov.  there  is  no  suitable  text-book  on  the  subject.  I  soon  found  that  tbe 
nyllabuB  would  require  as  much  time  as  H  text-book,  very  nearly,  and  the  Idea 
dawned  on  me  that  I  might  as  well  do  the  latter ;  so  off  came  my  coat,  and 
between  July  and  October  I  wrote  1,000  pages  of  manuscript,  blue-t»ook  size, 
and  tben  rewrote  It,  besides  preparing  at>out  thirty  II  lustra tiona.  I  had  the 
mbject  fairly  well  In  hand  an<l  had  complete  notes  and  a  fairly  good  library, 
otberwise  I  could  not  have  done  It" 

TMb  letter  affords  an  authoritative  explanation  of  the  writing  of  the 
Economic  Geology.  Older  and  then  more  experienced  geologists,  per- 
bapa  from  modeetj,  perhaps  from  temerity,  had  refrained  from  prepar- 
ing a  work  Buch  as  Tarr  needed.  The  small  hand-book  by  Dr.  S.  G. 
Williams,*  his  predecessor  at  Cornell,  in  the  teaching  of  economic  geology 
was  out  of  date,  if  not  out  of  print.  There  was  a  demand  for  a  book  on 
the  subject.  Tarr  took  the  bull  by  the  horns,  and  without  Baying  a  word 
to  any  one  produced  his  book,  and  ran  the  gauntlet  of  reviews  which  fol- 
lowed. The  experience  was  instructive.  In  it  Tarr  measured  hia  powers 
for  the  writing  of  books.  He  learned  that  the  writer  of  geological 
pamphlets,  Buch  as  he  had  so  far  been,  was  regarded  by  his  fellow-crafta- 
men  as  doing  the  normal  expectable  thing  and  worthy  of  all  praise,  and 
that  the  author  of  a  book  addressed  oetenBibly  to  those  outside  of  the 
profession,  though  about  to  enter  it,  is  regarded  with  jealous  solicitude 
b;  friends,  acquaintances,  and  strangers  who  may  or  may  not  have  made 
umilar  Tentures  in  the  domain  of  authorBhip  lying  beyond  the  borders  of 
the  pamphleteer.  Whether  or  not  it  was  a  wise  move  to  have  written  this 
book,  Tarr  showed  by  doing  it  his  indomitable  industry  and  courage. 
The  experience  prepared  him  for  the  work  which  he  was  later  to  under- 
take in  the  field  of  physical  geography. 

The  summer  of  1903  was  devoted  to  field-work  about  Cornell  Uni- 
versi^. 

'BuDDcl  O.  Wlllluni;  Applied  geology.  New  Tork:  D.  AppUton  ft  Co.,  1886,  pp.  lit, 
386. 

Ill—BULL.  f.tOU  BOC.  AX.,  Vol.  S4,  iniZ 
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On  AugnBt  23  he  wrote: 

"*!  ani  dolnjc  the  glariHl  g«oloey  of  tbe  Itbaca  folio  and  ani  geRIng  some  flue 
tbloKS.    Wl^  jou  (-uuld  <'onie  out  bere  aod  tee  tome  ot  tbeni." 

This  intense  intellectual  interest  in  tbe  field  upon  which  he  was  at 
work  was  a  striking  eharactenetic  of  Tarr's  mind.  He  saw  much  wher- 
ever he  went,  and  invariably  sought  to  share  his  delight  in  his  ohserva- 
tions  with  others. 

The  autumn  of  1893  saw  him  teaching  at  Cornell,  busy  with  the  proof- 
reading of  his  book,  and  working  on  the  pegmatites  of  the  New  Jersey 
highlands.  In  December  be  attended  the  Boston  meeting  of  the  Geo- 
logical Society  to  read  his  paper  on  "Lake  Cayuga :  A  rock  basin,"  as  he 
remarked  in  a  letter  dated  December  3,  "the  title  explaining  the  con- 
clusion."    He  adds: 

"iSy  book  ]>rDf;retvt!«  and  all  tbe  proof  In  read.  I  am  now  on  tbe  Index,  a 
moat  dlxtreMtlDg  Job.  A  week  more  und  tbe  tbiug  In  dmie;  tben  I  am  going  to 
take  up  and  try  to  OnlBli  my  New  Jeruey  material.  I  have  a  number  o(  good 
tbings  there,  but  bave  bardly  bad  tbe  time  to  even,  consider  tbem." 

January  t,  1894,  he  wrote  about  the  appearance  of  the  text-book  of 
Economic  Geologj-: 

"Naturally  I  feel  a  trIOe  ansloan  Just  non 
received.    ...    I  bave  clkoseu  my  bed  and  n 

Tarr  was  now  well  known  to  the  geologists  of  his  own  country.  In 
March,  1894,  he  was  a])proached  with  regard  to  a  place  on  the  editorial 
board  of  The  American  Geologist,  an  offer  which  he  concluded  not  to 
accept.  In  Xovember  of  that  year  he  began  to  feel  the  effects  of  over- 
work, which  was  the  greater  by  reason  of  teaching  in  the  summer  school 
at  Cornell.     This  tired  feeling  followed  him  during  the  academic  year. 

On  July  11,  1895,  he  wrote: 

"I  n-aa  to  badly  kno<.-ked  <lo\vn  In  June  tbat  I  left  before  conunencentent  for 
tbree  weeks  In  tbe  Deld.  studying  tbe  Erie  sbore  In  western  New  York.  .  .  . 
1  bave  returned  quite  refreshed  and  nm  now  In  summer^scbool  work,  witli  n 
small  class  of  Keven.  In  my  spnre  time  1  am  working  on  my  physical  iKKig- 
rapby  and  Retting  in  sba|ie  a  iibyslcnl  Keograpby  laboratory,  for  wblcb  I  bare 
been  given  an  approiirlatlon  of  f2.000." 

The  Economic  Geology  had  begun  to  yield  returns,  and,  as  we  note, 
Tarr  had  laid  his  plans  for  further  efforts  in  the  line  of  text-books.  It 
was  his  hope  that  after  a  few  years  hie  writings  would  put  him  in  a  posi- 
tion to  be  able  to  undertake  independent  investigations  in  the  field,  at 
which  time  he  proposed  to  devote  himself  mainly  to  field-work.     The 
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sequel  shows  how  he  accomplished  his  purpose.  His  letters  breathe  this 
spirit  of  independence  and  determinatioii. 

On  February  10,  189S,  he  wrote  about  the  drift  into  writing  text- 
books: 

"I  do  not  know  what  I  hhi  coming  to.  Everything  potnta  to  the  fate  of  a 
vTlter  of  iKMkH,  ^reat  and  amall.  I  Imd  pronilned  myself  a  Hummer  of  field 
work,  but  It  now  looks  as  If  It  would  not  mnterlulize.  A  chaaoe  to  write  three 
books  has  come  to  me  In  the  paat  two  months.  ...  I  bnve  been  at  work  on 
tor  five  years    .    .    .    two  books  on  pbyslcal  geography."    .    .    . 

In  February,  1893,  he  complained  of  the  effects  of  confinement  ta 
work.  His  campaign  for  the  spring  and  summer  was  laid  out.  "I  am 
going  ofiE,"  he  states,  "to  the  Bermudas  for  the  spring  vacation  to  recruit 
and  to  see  something  of  midoceanic  coral  life.  In  the  shimmer  I  am  going 
to  put  in  three  months  in  Newfoundland,  on  the  shores  and  in  the  in- 
terior." His  paper  on  the  Bermuda  Islands  was  the  fruit  of  the  first 
trip;  but  the  opportunity  to  accompany  Peary  to  Greenland  for  the  sum- 
mer led  to  the  abandonment  of  the  Newfoundland  excursion.  On  re- 
turning from  this  expedition,  Tarr  wrote,  October  31 : 

"My  trip  to  GreeulHnd  was  full  of  wonders  and  rsplete  with  results.  .  .  . 
[  think  that  tbe  motit  Important  result  of  the  trip  was  the  proof  that  In  the 
part  of  Greenland  which  I  saw  the  ic-e-sbeet  had  submerged  all  the  land,  even 
tbe  highest  ...  t  do  not  think  that  n  )(eolOKlHt.  and  especially  one  work- 
ing lu  tbe  glacial  Bspeets  of  tbe  subject,  can  afford  to  nilsa  the  opportunity  of 
spending  o  summer  In  the  north  and  a  moutb  with  the  great  glacier." 

The  Cornell  expedition  to  Greenland  which  Tarr  at  this  time  led  gave 
him  the  long-desired  opportunity  to  study  glaciers  at  first  hand.  His 
studies  of  the  Cornell  glacier  were  presented  before  the  Society  at  the 
meeting  in  1896. 

In  the  winter  of  1897-1898  th^  question  of  the  origin  of  peneplains 
occupied  his  attention.     On  February  12,  1898,  Tarr  wrote : 

"Lack  of  confidence  Is  not  one  of  my  fallluKH,  but  there  la  a  matter,  tbese 
Dve  years  on  my  mind,  upon  which  I  sometlmeB  question  my  own  powers.  Do 
you  know  that  I  am  a  disbeliever  In  peneplains?  Several  years  ago  I  wrote 
an  article  opposing  tbe  theory,  but  took  alarm  when  1  saw  every  one  else  be- 
lieving in  tbem.  I  pigeonholed  the  paper.  I  rewrote  It.  .  .  .  Again  I  put 
It  away.  Now  I  have  It  out  again,  rewritten.  I  believe  It  Is  right,  yet  I  can 
Dot  help  doubting  It,  for  I  seem  to  have  no  companions." 

The  paper  eveutually  appeared  that  year.  His  doubts  appear  to  have 
arisen  from  a  failure  to  find  that  degree  of  peneplanation  which  he  ex- 
pected to  see  in  New  Ehigland  and  parts  of  New  Jersey. 
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The  years  1898-1899  saw  the  eompletioD  of  two  of  his  home  geogra- 
phicB,  with  the  collaboration  of  Prof.  Frank  Morton  McMurry,  of  Teach- 
ers' College,  New  York  city.  In  the  aumnier  of  1900  he  was  plunged 
into  grief  by  the  sudden  death  of  his  infant  son  Shaler,  named  after  his 
friend  and  preceptor,  ProfeBsor  Shaler. 

The  academic  year  1901-1902  was  spent  in  Europe  on  sabbatical  leave. 
The  summer  of  1901  was  spent  in  Switzerland.  He  was  back  in  this 
country  at  Christmas  to  look  after  the  publication  of  his  geographies. 
On  January  t,  1902,  he  wrote  from  Ithaca : 

•  "1  have  iii.v  pasfHice  enfca^^  for  tbe  liOth  of  JHUuary.  I  go  directly  to  Italj', 
wbere  I  sball  stay  till  May.  then  go  Klowly  northward,  puttitig  next  eammer 
In  tbe  Brltlsb  Isles." 

During  the  winter  of  1903-1903  he  prepared  the  Cape  Ann  shoreline 
paper.  In  the  summer  of  1903  he  was  again  at  work  on  the  glacial  geol- 
ogy of  the  Ithaca  folio  for  the  U.  S.  Geological  Survey. 

In  the  spring  of  1906  Tarr  was  made  head  of  an  independent  depart- 
ment of  physical  geography.  He  was  now  full  professor  of  physical 
geography  and  at  the  height  of  his  powers. 

The  summer  of  1906  was  again  spent  in  Alaska.  On  the  15th  of  Octo- 
ber he  wrote  from  Ithaca: 

"You  will  be  interested  to  liiiow  tbat  since  lawt  suuiiuer  tbe  Malaspinn  gla- 
cier tins  started  a  forwiinl  iiioveineiit,  wlilolt  Iiuh  ro  crevassed  It  thnt  tt  Is  no 
longer  available  as  u  bigbwny  of  trtivel.  Tills  Is  true,  also,  of  a  nniuber  of 
Hiiiailer  glaciers  In  tliu  liay,  but  not  of  all.    Earthquake  effectl" 

This  suggestion  of  earthquake  action  grew  later  to  form  his  theory  of 
acceleration  under  seismic  motion,  a  real  contribution  to  glacier  physics. 

In  the  summer  of  1909,  conjointly  with  Prof.  Lawrence  Martin,  Tarr 
conducted  to  Alaska  the  first  expedition  of  the  National  Geographic 
Society,  his  second  and  last  being  that  of  1911.  In  October,  1909,  he 
sailed  for  Europe,  sjiending  the  winter  mainly  in  Berlin  with  Penck. 
In  the  summer  of  1910  he  attended  the  Geological  Congress  at  Stock- 
holm, and  was  a  member  of  the  party  to  visit  Spitzbergen,  an  opportu- 
nity which  he  gladly  embraced  as  a  supplement  to  his  studies  of  glaciers 
in  Greenland  and  Alaska. 

On  returning  to  Cornell  in  the  fall  of  1911  he  became  charged  with 
the  Cornell  seismographic  station  and  was  about  to  enter  the  small  list 
of  workers  in  this  adjunct  to  geology  when  all  his  work  was  cut  off. 

From  this  view  of  the  life  of  Professor  Tarr,  seen  at  close  range  from 
the  predetennined  vantage  point  of  a  college-mate,  let  us  now  step  back 
iu  order  to  take  in  perspective  a  wider  survey  of  his  professional  career, 
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Tarr'B  field-work  was  done  at  widely  separated  points  on  the  North 
American  continent.  He  worked  in  Massachi^etta  on  the  geology  of 
Cape  Ann;  he  helped  to  unravel  the  structure  of  the  Gay  Head  cliffs  on 
the  island  of  Marthas  Vineyard — a  locality  made  classic  by  the  earlier 
labors  of  Edward  Hitchcock  and  Sir  Charles  Lyell;  he  made  glacial  mapa 
of  parts  of  that  State  and  Connecticut,  as  well  as  of  New  York ;  he  car- 
ried his  studies  of  glacial  erosion  on  at  Mount  Katahdin,  Maine,  and  in 
the  Finger  T^ke  region ;  he  did  areal  work  in  Texas  and  the  highlands  of 
New  Jersey,  and  made  geological  and  physiographic  observations  in 
New  Mexico  and  Montana,  on  the  Bermuda  Islands  and  in  Cape  Breton, 
and  finally  he  left  his  name  indelibly  associated  with  the  pioneers  of  the 
scientific  exploration  of  Greenland  and  Alaska. 

It  was  not  his  privilege  to  devote  his  life  to  the  painstaking  decipher- 
ment of  the  geological  structure  and  form  of  a  single  natural  province 
of  the  continent.  The  sporadic  character  of  his  early  work,  both  as  to 
locality  and  subject-matter,  was  under  the  control  of  the  inexorable  law 
of  necessity,  tempered  by  favoring  opportunity.  Tarr  came  into  geology 
at  the  time  of  the  birth  of  the  daughter  science  of  physiography.  As  a 
student  of  Davis,  it  was  natural  that  he  should  enter  the  new  field.  If 
the  orthodox  geologist  at  times  complains  of  the  numerous  breaks  in  the 
ranks  of  the  old  school  on  the  part  of  those  who  have  been  trained  in  its 
methods  only  to  betake  themselves  to  the  once  despised  superficial  geol- 
ogy, it  must  now  be  borne  in  mind  that  a  knowledge  of  existing  causes 
is  the  key  to  the  past,  that  the  study  of  peneplains  has  thrown  most  im- 
portant light  on  unconformities,  and  that  the  study  of  glacial  deiwsits 
has  elucidated  the  nature  of  tillite  and  led  to  the  recognition  of  the  fal- 
sity of  the  doctrine  of  a  globe  gradually  declining  in  temperature  from 
Cambrian  times  to  our  own.  Tarr's  vai'ied  training  in  zoology  geology, 
petrography,  and  physiography  gave  him  a  broad  insight  into  the  prob- 
lems of  the  new  field  of  research. 

Of  his  contributions  to  geology  proper  we  have  the  phenomenon  of  rift 
in  granite,  which  appears  to  he  new  to  the  science.  His  descriptions  of 
the  dislocation  which  gave  rise  to  the  Alaskan  earthquake  of  18!*9  is  a 
most  important  addition  to  our  knowledge  of  the  relation  of  earthquakes 
and  faults,  with  accompanying  changes  of  level  of  the  land  in  relation 
to  the  sea.  His  recognition  of  earthquake  shocks  as  a  factor  in  glacial 
motion  is  an  important  and  liclpful  contribution  to  our  knowledge  of  the 
causes  which  aitect  the  mysterious  advances  and  recessions  of  glaciers, 
one  which  promises,  when  fully  elaborated,  to  throw  yet  further  light  on 
the  physics  of  the  globe.'  His  studies  of  glacial  erosion  in  the  regions  of 
acting  and  vanished  glaciers  include  such  discoveries  as  the  hanging 


Digitized  bvGoOgIc 


38  PROCEEDINOa  OF  THE  NEW  HAVEN  MBETIKO 

valley,  through  glaciers;  in  riier  work,  potomography — to  use  the  for- 
gotten terminologj'  of  Edward  Hitchcock — TaiT  called  attention  to  ex- 
tended rivere  and  anastomofiing  BtreamB. 

Tarr'a  glacial  work  began  under  Shaler  in  the  classification  and  map- 
ping of  the  moraines  of  southern  Xew  England  long  before  he  had  ever 
seen  a  glacier  and  itt  a  time  when  the  stratified  drift  was  still  known  as 
modified  drift,  implying  that  in  origin  the  gravels  and  sands  wore  later 
in  origin  than  the  boulder-clay  and  till.  The  problems  which  arose  at 
that  time  in  'Fair's  mind  in  the  attempt  to  imagine  the  relations  of 
eskers,  kames,  and  kettle-holes  to  the  vanished  ice-sheet  found  partial 
and  in  some  cases  complete  explanation  in  the  phenomena  of  the  exist- 
ing ice-fields  of  Alaska.  Tarn's  illustrations  of  kettle-holes  in  the  out- 
wash  plains  of  Alaska  are  the  best  illustrations  we  have.  Although  it 
is  true  that  the  diagnosis  of  these  ancient  glacial  deposits  of  middle  Inti- 
tudee  had  been  correctly  made  by  those  who  may  never  have  seen  a 
glacier,  Tarr's  illustrations  and  descriptions  came  as  a  welcome  con- 
firmation of  deductions  made  in  a  science  which  professes  to  proceed 
from  the  observation  of  existing  causes  to  the  interpretation  of  past 
effects.  That  the  deductions  were  correctly  drawn  is  duo  to  the  suffi- 
ciency of  tlic  glacial  tlicory  to  explain  more  than  its  founders  includetl 
in  its  original  application. 

Tarr  wrote  readily.  He  had  the  faculty  of  putting  on  paper  hia 
thoughts  at  top  speed,  and  it  is  this  element  in  his  style  which  gave  hia 
writings  the  power  which  few  text-books  ever  possess.  It  is  said  that 
when  hia  I'liysical  (Jeography  came  out  and  was  introduced  into  the 
schools,  that  the  parents  of  those  pupils  who  had  the  book  took  it  up  and 
read  it  t  If  in  the  first  edition  of  a  work  there  were  slips  of  language  or 
transpositions  of  the  viewpoint,  as  when  in  writing  in  Ithaca  his  thought 
was  projected  northwestward  to  the  site  of  the  north  magnetic  pole, 
leading  him  to  write  of  that  geographic  point  as  southwest  of  the  Xorth 
Pole,  the  misstatement  was  obvious  and  readily  corrected.  The  wonder 
is  that  in  writing  so  much  he  made  so  few  mistakes. 

His  writings  display  a  steady  growth  from  small  beginnings  in  the 
published  lists  of  a  collecting  naturalist  to  the  monograph  on  the  Alaskan 
earthquake  of  ISft!).  His  Alaskan  work  properly  crowns  his  labors  in 
physical  geography  and  geology.  It  was  done  in  the  prime  of  life,  and 
not  only  in  quantity,  but  in  quality,  it  must  be  admitted  to  take  a  high 
rank  among  the  contributions  to  North  American  geology  and  physical 
geography. 

Turning  now  to  Tarr  the  Cornell  professor,  we  find  him  an  inspiring 
instructor  and  leader  of  young  men.i    Of  his  students  who  have  followed 


Digitized  bvGoOgIc 


MEMOIR  OF  RALPH  STOCKMAN  TARR  39 

in  hiB  footsteps  there  are  to  be  named  R.  H.  Whitbeck,  of  the  UniverBity 
of  Wisconsin ;  Frank  Carney,  of  Denison  University ;  John  L.  Rich,  of 
the  University  of  Illinois ;  0.  D.  von  Engein,  of  Cornell  University ;  F.  V. 
Emerson,  of  the  University  of  Missouri ;  Q.  D.  Hubbard,  of  Oberlin  Col- 
lege; G.  T.  Surface,  of  Yale  University;  P.  S.  Mills,  of  St.  Jjawrence 
University;  Lawrence  Martin,  of  the  University  of  Wisconsin,  hia 
brother-in-law  and  associate  in  his  Alaskan  work;  his  younger  brother, 
Raymond  P.  Tarr,  now  a  mining  geologist.  Marvin,  the  companion  of 
Peaty,  who  lost  his  life  on  the  memorable  polar  expedition,  was  working 
on  a  doctor's  thesis  in  glacial  geology  under  Tarr'a  supervision.  ' 

With  all  students  he  was  on  cordial  terms  and  his  house  was  open  to 
them.  On  Sunday  evenings  the  homesick  college  student  found  there 
the  entertainment,  social  and  substantial,  that  cheers ;  for  Tarr  knew  that 
the  college  boy  has  not  only  a  brain,  but  a  stomach,  which  calls  for  re- 
freshment. As  a  faculty  member  he  took  a  lively  interest  in  hie  college 
and  in  the  development  of  his  department. 

As  a  lecturer  he  spoke  without  manuscript,  but  had  carefully  prepared 
notes.  These  were  printed  for  the  use  of  students.  One  of  his  students 
speaks  of  him  as  possessing  a  personal  charm  of  presentation  which  in- 
spired and  induced  hard  work  in  his  students. 

In  the  field  he  is  said  to  have  been  even-tempered,  brave,  running 
risks  to  get  data,  but  sensible  and  moderately  cautious.  In  Alaska  his 
life  was  in  serious  danger  three  times — twice  in  glacial  streams  and  once 
from  a  bear — but  he  regarded  these  adventures  as  part  of  the  day's  work. 
Modest  and  generous,  he  felt  keenly  both  appreciation  and  depreciation 
of  himself  and  his  work ;  a  man  with  a  purpose  in  life ;  strong  in  the 
elements  of  human  character;  and  if  at  times  he  made  what  seemed  to 
him  enemies,  he  made  and  retained  friends. 

In  his  chosen  field  of  physical  geography  he  attained  a  high  rank.  His 
fellows  honored  him  with  the  presidency  of  their  Society,  a  post  which 
he  held  at  the  time  of  his  death.  Gilbert,'  whose  work  and  opinion  he 
valued  highly,  in  a  note  appended  to  the  paper  on  Earthquakes  of  Yaku- 
tat  Bay,  which  went  to  press  after  his  death,  paid  him  the  tribute  which 
was  his  due  in  saying : 

"Hia  biography  wben  written  will  tie  a  reoonl  ot  dintlnfiiulshed  adilevement 
In  physical  Keograpliy.  The  present  volume  teBtlfles  to  his  hlRli  rank  bb  an 
Invert iga tor,  and  bin  success  was  equally  marked  nx  n  ttncher  niid  as  nu 
nutlior  of  text-books," 

He  was  associate  editor  of  the  Bulletin  of  the  American  Geographical 
Society  and  of  the  Journal  of  Geography.     He  was  a  Fellow  of  this 

■  FiwreMlonal  Paper  99,  V.  B,  Geological  Burvey,  1912,  p.  10. 
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Society,  of  the  American  Aesociation  for  the  Advancement  of  Science, 
and  of  the  ABBOciation  of  American  Geographera.  He  was  a  member  of 
the  Boston  Society  of  Natural  History,  of  the  National  Geographic  Soci- 
ety, the  SeismoJogical  Society  of  America,  the  Sigma  Xi,  the  National 
Educational  Association,  and  the  New  York  State  Teachers'  Association ; 
Foreign  Correspondent  of  the  Geological  Society  of  Ijondon,  the  Geo- 
graphical Society  of  Vienna,  and  Corresponding  Member  of  the  Inter- 
national Commission  on  Glaciers. 

Professor  Tarr  was  married  to  Miss  Kate  Story,  of  Gloucester,  March 
28,  1892.     A  son,  Eussell  Tarr,  a  daughter,  and  Mrs.  Tarr  survive  him. 

Paraphrasing  now  the  colloquial  declaration  of  the  young  geologist  not 
yet  out  of  college,  writing  in  his  camji  at  San  Saba,  on  Christmas  day 
twenty-three  years  ago,  we  may  truthfully  say  of  hira: 

He  did  with  dispatch  all  he  could,  and  he  made  every  moment  count. 

The  photograph  reproduced  in  plate  3  was  taken  about  1892  by  D. 
Evans,  of  Ithaca,  New  York. 
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HEHOTR  OP  EHNE8T  ROBERTSON  BUCELET 


Dr.  Ernest  Robertson  Buckley  died  at  Chicago  on  January  19.  1912, 
nf  pneumonia,  contracted  while  examining  mining  properties  in  south- 
east Missonri. 

Doctor  Buckley  was  bom  in  Mtllbury,  Massachusetts,  September  3. 
1872.  Three  years  later  his  parents  moved  to  Tomah,  Wisconsin,  in 
which  place  he  received  his  early  education,  graduating  from  the  Tomah 
High  School  in  1890.  After  teaching  one  year  he  entered  the  Univer- 
sity of  Wisconsin,  where  he  specialized  in  geology,  graduating  in  181>,') 
with  the  degree  of  Bachelor  of  Science, 

During  his  university  course  Doctor  Buckley  was  interested  in  many 
of  the  student  activities^  He  was  an  exceptionally  strong  debater,  ami 
took  part  in  many  of  the  important  intcrsociety  and  collegiate  debates. 
To  this  training  may  be  traced  his  clear  and  concise  diction  and  impress- 
ive manner  of  public  speaking. 

For  two  years  after  graduation  Doctor  Buckley  held  fellowships  in 
geology  at  the  university,  obtaining  the  degree  of  Doctor  of  Philosophy 
in  1898. 

In  1897  he  was  appointed  assistant  geologist  to  the  Wisconsin  Geo- 
logical and  Natural  History  Survey,  becoming  assistant  superintendent 
in  charge  of  geology  in  1899.  Ho  also  served  the  university  for  three 
years  as  extension  lecturer  in  geologj',  and  in  1901  became  instructor  in 
commercial  geography. 

During  this  period,  although  actively  engaged  in  geologic  and  univer- 
sity wftrk.  Doctor  Buckley  was  extremely  interested  in  the  civic  and 
jwlitical  problems  of  the  city  of  Aladison,  and  for  one  term  represented 
the  university  quarter  in  the  city  council. 

While  connected  with  the  Wisconsin  Geological  Survey  he  devoted  his 
attention  largely  to  economic  problems  pertaining  to  the  geology  of  tlie 
non-metallic  resources  of  the  State.  His  first  report,  entitled  "Building 
and  ornamental  stones  of  Wisconsin,"  stands  as  one  of  the  first  anil 
most  complete  publications  of  its  kind.  The  completion  of  this  report 
in  leas  than  eighteen  months  illuntratea  the  characteristic  enei^y  with 
which  he  worked  and  his  capacity  for  rapidly  cr^-stallizing  field  observa- 
tions for  publication.  In  addition  to  this  volume,  he  issued  reports  on 
the  clay  resources  and  highway  construction  in  Wisconsin.  A  study  of 
the  marl  deposits  of  the  State  was  also  undertaken,  but  the  results  wei^e 
never  published. 
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The  constant  relation  of  glacial  phenomena  to  economic  probtems  in 
Wisconsin  probably  arouaed  a  particular  interest  in  the  geologic  work 
performed  by  ice,  and  he  devoted  some  considerable  time  during  the  win- 
ter months  to  a  study  of  the  effects  of  the  expansion  and  contractloa  of 
the  ice  along  the  shore  of  the  lakes  in  the  vicinity  of  Madison.  The  re- 
sults of  these  observations  were  published  under  the  heading  "Ice  ram- 
parts," by  the  Wisconsin  Academy  of  Sciences,  Arts,  and  Letters. 

In  the  fall  of  1901  he  was  appointed  State  Geologist  of  Missouri  and 
Director  of  the  Missouri  Bureau  of  Geology  and  Mines,  which  position 
be  held  for  seven  years,  resigning  in  1906.  Finding  the  Geological  Sur- 
rey in  an  utterly  disorganized  condition,  he  placed  the  department  on  a 
M'Btematic  basis,  inaugurating  methods  for  keeping  complete  records  that 
might  be  utilized  by  his  succeasors. 

His  chief  scientific  work  was  completed  while  acting  as  State  Geologist 
of  Missouri.  The  importance  of  the  lead  and  zinc  ores  of  the  State  and 
the  relative  lack  of  any  systematic  study  covering  the  genesis  of  these 
deposits  led  him  to  take  up  detailed  investigations  in  both  the  southwest 
and  Bontheast  mining  districts. 

The  report  upon  the  Granby  area  of  southwest  Missouri  included  a 
theory  of  genesis  applicable  to  the  entire  southwest  district.  As  a  clear 
eiposltiou  of  the  genesis  and  occurrence  of  the  disseminated  lead  ores,  his 
report  upon  the  deposits  of  Ht.  Francois  and  Washington  counties  is 
remarkable  for  its  thoroughness.  As  a  result  of  his  observations,  Doctor 
Buckley  became  a  strong  advocate  of  the  theory  that  the  lead  and  zinc 
deposits  of  the  State  were  solely  the  result  of  concentration  caused  by 
descending  solutions. 

In  1908  he  resigned  the  position  of  State  Geologist  to  become  head  of 
the  geological  staff  of  the  Federal  Lead  Company  of  Flat  &iver,  Mts- 
Bonri,  being  in  charge  of  development  and  prospecting. 

While  still  serving  that  company  in  a  consulting  capacity,  he  estab- 
lished an  office  in  Chicago  during  the  fall  of  I9I1. 

In  1903  Doctor  Buckley  was  married,  in  Milwaukee,  to  Miss  Grace  E. 
Magdeburg,  who  survived  him  less  than  a  week. 

Although  extremely  busy  with  his  own  investigations.  Doctor  Buckley 
was  ever  active  in  his  endeavor  to  further  the  int«reet  of  science  and  the 
mining  profession  in  general. 

While  investigating  the  clay  deposits  of  Wisconsin  he  organized  the 
Wisconsin  Clay  Workers'  Association,  a  society  which  has  since  done 
much  to  further  the  interests  of  the  clay-working  industries  of  the  State. 

With  H.  F.  Bain,  State  Geologist  of  Illinois,  he  was  instrumental  in 
forming  the  Association  of  State  Geologists  of  the  Mississippi  Valley, 
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which  later  resulted  in  the  larger  organizatioa  Imowu  as  the  Association 
of  American  State  OetdogiBts. 

Doctor  Buckley  became  the  first  life  member  of  the  American  Mining 
C(mgTee8,  and  took  an  active  part  in  the  incorporation  of  the  organiza- 
tion and  in  the  formulation  of  plans  by  which  the  membership  was  placed 
uptm  a  pennanent  basis.  As  chairman  of  the  committee  on  resolutions, 
second  vice-president,  and  finally  president  in  1910,  he  was  an  important 
factor  in  guiding  and  directing  the  early  work  of  the  Congress. 

Doctor  Buckley  was  also  a  member  of  the  American  Institute  of  Min^ 
ing  Engineers,  The  Geological  Society  of  America,  The  American  Abso- 
ciation  for  the  Advancement  of  Science,  The  Mining  and  Metallui^ical 
Society  of  America,  The  International  Association  for  Testing  Materials, 
The  Wieconsin  Academy  of  Sciences,  Arts,  and  letters,  The  St.  Louis 
Academy  of  Science,  and  an  honorary  member  of  Tau  Beta  Pi. 

A  man  of  striking  personality,  Doctor  Buckley  possessed  keen  concep- 
tion, sincere  honesty,  and  high  ideals.  He  expressed  himself  vigorously 
and  fearlessly,  because  of  which  he  often  gave  the  impression  to  compara- 
five  strangera  of  having  a  brusque  nature.  To  those  who  knew  him  inti- 
mately was  shown  the  true,  sympathetic  feeling  for  those  about  him  and 
for  those  in  less  fortunate  circumstances.     ' 

While  he  held  an  undiminished  interest  in  the  advancement  of  science, 
his  chief  activities  during  the  last  few  years  were  directed  toward  the  bet- 
terment of  conditions  surrounding  the  raining  industry.  His  ideas  re- 
garding the  problems  confronting  the  mining  industry  are  well  set  forth 
in  the  following  paragraph,  taken  from  his  presidential  address  to  the 
American  Mining  Congress  in  1910: 

"Tbis  association  was  organized  to  teacb  mining  men  the  value  of  coopem- 
tion;  that  tiuccess  cannot  b6  mearared  by  another  man's  failure;  ttast  we  most 
have  a  decent  respect  for  tbe  lives  and  taenlth  of  the  men  tbat  toll  beneath 
tbe  surface;  tbat  there  must  be  a  wllllugness  to  provide  adequately  for  tbe 
men  and  their  families  who  suffer  tbrougli  accident  or  death;  that  there 
Bbonid  be  laws  to  restrnln  and  punlnh  the  ninii  who  Is  In  part  reBponslble  for 
tbe  disrespect  In  which  this  prufeiwlon  In  held,  for  tbe  fake  promoter,  who 
parasites  on  the  public;  that  all  tbe  bureaus  of  tbe  Federal  and  State  govern- 
ments engaged  la  InvestlgBtlons  HSMx-lated  with  mining  are  belpful  to  tbe 
Industry  and  deserve  our  generous  aud  undivided  support;  that  much  needful 
Federal  and  State  l^lslatlon,  helpful  to  the  mining  Industry  and  for  the  pro- 
tection of  our  mineral  reHouroeti.  may  be  enacted  through  tbe  united  efforts 
of  a  representative  body  of  mining  men.  .  .  .  Tbe  Interests  of  tbe  mining 
Industry  can  not  be  left  In  the  hands  of  men  who  are  engaged  in  agriculture, 
forestry,  manufacturing,  transportation,  or  commerce.  They  must  be  cared 
for  br  orgBolEatloDB  of  mining  men,  and  1  beseeoh  you.  In  cloxliig.  to  i-oii- 
tribute  to  tbIs  organisation  the  best  that  you  have  Id  order  that  It  may  be  a 
power  throngbout  the  land." 
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The  desire  to  be  of  aervit^e  to  others  is  shown  in  the  final  beqilest  of  a 
major  portion  of  iiis  estate  to  hie  boyhood  home,  the  city  of  Toraah,  for 
the  erection  of  a  public  library  or  for  the  purchase  of  a  public  playground 
or  park. 
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Preaeated  extemporaneously,  and  will  be  printed  in  full  when  com- 
plete data  are  obtained  b;  Doctor  White. 

The  President  then  called  for  reports  of  committeea.  These  were  sub- 
mitted as  follows : 

SBPOST  OF  THE  COMMITTEE  ON   PHOTOORAPH8 

The  collection  of  photographs  belonging  to  the  Society  has  not  re- 
ceived any  additions  for  several  yeare,  and  there  has  been  no  change  in 
its  conditio^  in  1912.  It  contains  a  large  number  of  fine  pictures  of 
geologic  and  physiographic  features  which  are  occasionally  utilized  by 
geologists  fpr  illustrating  text-books  or  for  lantern  slides.  A  catelogue 
of  the  collection  was  published  in  volume  13  of  the  Bulletin  of  the 
Society.  Ordinarily  the  collection  is  kept  in  my  oflSce  in  the  Bureau  of 
Mines  in  Washington,  convenient  for  reference  when  I  am  in  the  city. 
During  the  past  autumn  it  was  loaned  te  Prof.  W.  M.  Davis  for  use  on 
the  excursion  given  to  the  foreign  geographers  by  the  American  Geo- 
graphical Society,  but  it  did  not  accompany  the  party.  The  collection 
is  now  being  exhibited  in  the  halls  of  the  Geographical  Society  in  Nev 
York,  where  it  will  be  viewed  by  many  teachers  and  others  interested  in 
geography  and  geology.  N.  H.  Darton, 

Committee. 

The  report  was  accented  and  the  committee  was  continoed. 

C.y,l..<.d,,CA)OglC 


KBPOKTS  OF  COMMITTBBa  48 

RETORT  OF  THE   COMUITTEE  ON   QEOLOOICAL    NOMENOLATDRE 

No  requests  for  informatloii  or  for  decisiom  on  geologic  nomenclature 
ha?e  come  direct  to  the  Secretftry  of  the  Committee  on  Qeologic  Nomen- 
clature during  the  past  year.  No  buaineBB  has  been  transacted  by  the 
committee,  therefore,  in  accordance  with  its  original  decision  to  take  up 
no  qucBtiona  unless  action  on  them  was  requested  by  members  of  the 
Socie^.  Arthob  Keith, 

SBcretary. 

The  report  vas  accepted  and  the  committee  was  continued. 

RB80LDII0N    CONCERNINQ   REFBINTINQ  OF   C.   B.    OEOLOOIOAL   SURTEX 
BULLETIN   ON   NAUB8   OF  OBOLOOIO   FO&MATIOKS 

On  motion,  the  Council  was  requested  to  communicate  to  the  Director 
of  the  United  States  Geological  Survey  the  feeling  of  the  Society  that  a 
new  edition  of  the  Survey  Bulletin  on  the  names  of  geologic  formations 
was  greatly  desired  by  teachers  and  other  workers  in  geology. 

COUMITIBE  ON   NOUENCLATOKE   OF  FAULTS 

The  Secretary  of  the  Society  stated  that  the  preliminary  report  of  the 
conmiittee  had  been  distributed  in  May,  191S,  to  the  fellowship  and  some 
other  interested  geologists,  and  that  Chairman  Held  would  be  present  in 
the  general  session  to  offer  the  final  report. 

The  Society  then  proceeded,  at  11  o'clock,  to  the  consideration  of  sci- 
entific papers. 

TITLSB  07  PAPERS  PBESENTED  IN  OKNERAL  SESSION  AND  NAHBB  OF 

DISPUTANTS 

BJPKRIMBSTAL  QEOLOOY,  QUE  OF  TBB  LARQB  BUBDIViaiOSa  OB  OBOLOOJ 

Vt   FREDERICK   EU0E:«E   WRIGHT 

Read  in  abstract  from  manuscript.  Discussed  by  A.  W.  Grabau,  A.  L. 
Day,  and  J.  K  Wolff. 

KEPOBT  OF  OOMUITTEE  ON  TEE  HOUBWLATORB  OF  FAVLTB 
BY    HABBr    FIELUIIfO    REm.    CHAIBMAH 

Presented  in  abstract  from  notes.  Diseuflfled  by  A.  W.  Orabau,  W.  51. 
Davis,  A.  H.  Purdue,  J.  D.  Irving,  and  L.  V,  Pirsson,  with  reply  by 
H.  F.  Heid.  On  motion,  the  report  was  accepted  for  publication  in  the 
Bulletin,  together  with  the  discusaion  thereon. 

IV — Bdu.  Omi.  Boc.  am.,  Vob.  34,  191S 
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The  Society  adjourned  atjout  12.30  o'cloc-k,  and  reconvened  in  thrt* 
sections  at  2.30  o'clock. 

TITLES  Of  P.VPKRH  PKKSKNTED  BUFORK  THE  FIRST  SECTION   AND  N.\ME!>  UF 

DISPUTANTS 

The  firet  section  met,  with   President  H.  L,  Fairchild  as  presiding' 
(irticLT  anil   K.  ().   Hovey  as  Swrettiry,  ami  took  up  the  |mi>erB  eiitenil 
in  the  printed  pri»{,'ram  under  gnmp  A:  Dynamic,  .Structural,  (.Jlaciiil. 
Pliyaiographic. 
.vfirfiK  (i.v  run  KTurtTiHAi.  uholooy  of  iitB  haxoykr  niKTifivT.  .\n\v 


Read  by  title.  Illustrative  maps,  plioto){raphs,  specimens,  and  uiicrn- 
settions  went'  displayed  in  u  M]Hi'ial  room  provided  for  exhibition  of 
material. 


Presented  in  abstract  cvtemponuieously  by  A.  L.  Day*    Discussed  1 
H.  F.  Reid  and  A.  P.  Coleman,  with  re|)ly  hy  A.  L.  Day. 

STIIVrTtRM.  FK.xmtKX   IIF  A    l1HITltt.\  Of  HOVTBEIHTRRX   IDAHO 


Presented  by  title.     Illustrative  maps,  diagrams,  etcetxra,  were  dis- 
played in  the  exhibition  room. 

B.ivvofK  Tiirtrnr.  a  siajor  favi.t  ;v  svitiieastkrs  idaho 


Presented  in  abstract  without  notes  by' the  junior  author.  lUustratiil 
with  lantern  slides.  Discussed  by  A.  P.  Oolemaii,  E.  Blaokwelder.  am! 
H.  F,  Keid,  with  reply  by  Mr.  Mansfield. 


'\FORillTT  AT  CATSKILL 


Presented  by  title.    Illustrative  maps  and  other  material  displaye^l  in 
the  exhibition  n>om. 
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DIBFI^CEUfiXTB  OF  TBIdXOULiTWN  BTATlOI/a  IS  SUMATRA   DVB  TO  A 
BARTBQVAKE  IS  JSM 
BY    HARRY   FIELQIKQ    BKUt 

Presented  in  full  without  notes.     Illustrated  vith  lantern  slidsa. 


Br  nELson 

Presented  in  full  without  notes.  Illustrated  with  lantern  slides.  Dia- 
cnssed  by  Wang  and  R.  E.  Hice. 

QSOTBEBMAL  DATA  OF  THE  VSITED  8TATE8 
BY   NELSON    HORATIO   DABTON 

Presented  by  title. 

QLACUL  CIRQVEB  SEAR  UOVST  WABHISQTOS 
BY  JAUE8  WALTER  OOLDTHWAIT 

Presented  in  full  without  notes.  Illustrated  with  Iaat«rn  slides.  Dis- 
cussed by  P.  Leverett,  H.  F.  Eeid,  J.  B.  Woodworth,  Cf.  H.  Chadwick, 
and  H.  L.  Fairchild,  with  reply  by  the  author. 

Adjournment  of  the  section  was  taken  about  5.16  o'clock  p.  m. 

TITLES   OF   PAPGBS  PREBENTED  BEFORE  THE   SECOND  SECTION   AND   NAUES 
OF   DISPUTANTS 

The  second  section  met  at  3.35  o'clock  p.  m.,  under  the  chairmanship 
of  Vice-President  David  White,  and  listened  to  the  papers  acheduled 
under  Group  B:  Stratigraphic,  Paleontologic,'  Areal,  and  Cart4^aphic. 
E.  B.  Cnmings  served  as  Secretary  of  the  section. 

SEW  DATA  OS   THE  REtATWSB   OF  THE  OZARKIAS  ASD   CASADIAS 


Read  in  abstract  from  manuscript.     Diacussed  by  C.  Schuchert,  with 
reply  by  the  author, 

<  Purel;  palMntoloKlcal  paper*  were  rrfened  to  Ibe  PaleoDtalosIcal  Boclet;  fat  reading, 
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Bead  in  full  from  manuscripts    DiscuBsed  bjr  E.   0.  Ulrich,  David 
White,  and  A.  W.  Orabau,  with  reply  by  the  author. 


Br  c.  o.  wALCon 
Preeented  by  title  in  the  absence  of  the  author. 

LOWES  OHDOVICIAS  AT  QLBSOQLE,  BRITISH  COLDMBIA 


Presented  by  title  in  the  absence  of  the  author. 

OSOLOaiCAL  I 

TUKOH 

BT  D.  D.  CAIBITVe 

Presented  in  abstract  without  notes.     Illustrated  with  lantern  slides. 


BT  E.  0.  OABZ 

Presented  in  abstract  without  notes.  Illustrated  with  lantern  slides. 
Discussed  by  David  White,  F.  H.  Knowlton,  and  E.  G.  Jeffrey,  with 
reply  by  the  author. 

•  BHIKARUMP  CONGLOMBSATS 

BY    HBBBEBT  E.    OREOOKV 

Bead  in  full  from  manuscript.  Illustrated  with  lantern  slides.  Dis- 
cussed by  A.  W.  Orabau,  N.  H.  Darton,  C.  Schuchert,  F,  H.  Knowlton, 
E.  C,  Jeffrey,  and  David  White,  with  reply  by  tlie  author. 


Presented  by  title  in  the  absence  of  the  author. 
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FURTHER  DtSCOVERlBa  /.V  TBB  TACOSIC  MOVyTAISa 
BT  ABTHUB   KEITH 

Presented  by  title  in  the  absence  of  the  author. 

PREUMISARY  OBOLOQICAL  MAP  Of  TUB  yAVAJOUOKI  RE8ERVATWK 

Br  HSBBBBT  e:  obdooby 
Presented  in  abstract  without  notes.  ■ 

The  section  adjounied. 

TITLES  OF  PAPERS  PRESENTED  BEFORE  THE  THIRD  SECTION  AND  NAMES  OP 
DI8P0TANT8 

The  third  section  of  the  Society  convened  at  8.35  o'clock,  with  Vice- 
President  I.  C.  White  as  Chairman  and  H.  B.  Patton  serving  as  Secre- 
tary. The  section  took  np  the  reading  of  the  papers  in  Qroup  C,  as  fol- 
lows: Petrologic,  Mineralogic,  and  Economic: 

THE  FARIOUB  FORMS  OF  8IUCA  AND  TBRIR  MUTUAL  RELATIOXB 
BT  CIABEKCB  N.  rEMMIB 

Read  in  foil  from  manuscript.     Discussed  by  F.  E.  Wright. 

TBB  ISDBX-BLLIPBOID  IS  PBTROaRAPHlCUWROBOOPIC  WORK 


Read  in  full  from  maouBcript.     Discussed  by  J.  E.  Wolff  and  E,  B. 
Mathews. 

lOXEOUB  COMPLEX   OF  HlOB    TITA\IUM.  PBOBPHOROUB-BBARIXO   ROCKS  OF 
AMBBRBTKBL80N  COVXTIKB.   VIROIXIA 
BY   THOMAS   U    WATBOW   AND    STEFHRN   TABOK 

Bead  by  title  in  the  absence  of  the  authors. 

PETBOLOOT  OP  A    SERIES  OP    NEPHELIKB  BYEMTE,  CAMPTOMITE,   MOSCBI- 

QUITE,  AND  DIABASE  DIKES  IS  MIDDLE  BHESASDOAH   rALLBY,  VIRQISIA 

BT  THOUAS  U  WATSON  AND  JUSTUS   H.   CUNE 

Bead  by  title  in  the  absence  of  the  authors. 

TBB  JfORTBUUBEKLASD   (SEW  YORK}    YOLCASIC  PLUG 
BY  H.  P.  CUSHIKO 
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54  ,  PROCESDlNa»  OF  THE  NEW   HAVEN   MEBTINO 

Read  in  full  from  manuscript.     Illustrated  with  lantern  elides.     Dis- 
cussed by  L.  V.  Pireeon,  J.  V.  Lewis,  J.  E.  Wolff,  and  I.  C.  White. 

LAVAS  OF  HAWAII  AKD  THEIR  RELATIOSB 
BY   WHITMAN  CBOaa 

Presented  in  abstract  from  notes.     Discussed  by  R.  A.  Daly. 

PKODVCTIOX  OF  APPARENT  DIOKITE   BY  HBTAUORPUIBM 

Presented  by  title  in  the  absence  of  the  author. 

MEDIA  OF  Hiail  RBFHACTIOX  AXD  BOUE  STANDARD  MEDIA  OF  LOWER  KB- 
FRACTIOS  FOR  THE  DETERMI\ATIO\  OF  REFRACTIVE  IXDICEB  WITH 
THE  MICROBCOPfS 


Presented  by  title  in  the  absence  of  the  author. 

CBRTAIS  BO-CALLED   METEORIC  IROXB  OF  CASVOS  DIABLO 
OV    CHABIJEB    R.    KEVEH 

Presented  by  title  in  the  absence  of  the  author. 

NEW  OCVURHEXCB  OF  MOXAZITE  IS  NORTH  CAROLINA 


Presented  in  full  without  notes. 


or  FBANR  B.  VA] 

Presented  in  abstract  without  notes. 


The  section  adjourned. 

PRESIDENTIAL  ADDRESS 

At  8  o'clock  p.  in.,  in  Byers  Hall  of  the  University,  H.  L.  Fairehild 
delivered  his  address  as  retiring  President,  his  topic  being 

THE  Pl.msrOCEXE  FORilATIOSB  OF  KEW  YORK  STATE 

The  address  was  followed  by  the  complimentary  smoker  given  in  honor 
of  the  Geological  Society  of  America,  the  Paleontological  Society,  and 
the  Association  of  American  Geographers  by  the  local  memliers  of  the 
three  organizations. 
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In  the  nftemoon  the  Universitv  Museum,  contftining  celebrated  col- 
lections in  geology,  mineralop-,  and  paleontol<^_v.  and  the  University 
Art  Museum  were  open  to  viaitora.  In  the  University  Library  tliei-e  was 
i!iB|ilayetl.  in  <-oin  memo  rat  ion  of  the  centenary  of  the  hirlh  t<f  .lame!!  D. 
Dana,  a  great  series  of  the  manuscripts  and  books  written  by  the  eele- 
brafed  scientist  and  the  medals.  di])loma«,  and  decoration;'  that  he  re- 
i-oived  during  his  long  career. 

At  8  o'clock  p.  m.  there  was  held  in  I.ampson  Hall  a  largely  attendoii 
iiifoting  in  honor  of  the  one  hundredth  anniversary  of  the  birth  of 
■Tames  D.  Dana,  arranged  by  Yule  I'niversity  in  cooperation  with  the 
(leological  Society  of  America.  The  meeting  was  presided  over  liv 
Arthur  T.  Hadley,  president  of  Yale  TJnivei-sity,  who  spoke  as  follows: 

JAMKS  DWKillT  DANA    nCN'TKNAIlY 

iSTROurtinuY  he.v.ikkh 


In  th«  iHtter  imrt  of  tlie  eighteenth  century  the  sti'caiti  iif  emltcriition  from 
ni>rtlierii  Xew  Englnud  flowed  westward  ui»  the  Moliawk  Valley,  ciirrylnu  wltU 
It  the  outpoHls  not  only  of  clrtllKntloii.  Iiut  of  McliiiliirNliip  and  of  wieiice.  Tlie 
iKiideniies  of  New  York  State  ii  liunilrcd  yeiiiit  uku  were  whoolB  of  tlie  flivt 
riiuk.  out  or  wlilrti  cunie  nian.v  tiieii  of  eiiiiiicuce  In  wience  and  letters.  It  wan 
from  such  stock  and  such  surrouudliigs  Hint  Iiuna  came.  He  was  by  rif-ht  of 
hirib  a  [iloneer. 

S[>enklL(t  to  an  audience  that  knows  tlie  iilniieers  of  fnct  ns  distinct  tram 
thom>  of  fiction.  1  can  descrll)e  I>ana  well  liy  xiiyine  that  he  had  the  I'lnirnc- 
twlwtfcH  that  l>elong  to  the  tyiie.  There  was  tlie  siiuie  determined  retuilness  to 
siitimit  to  hardHhl])  and  work  under  ndverre  i-ondltlous.  and  the  snine  touch  of 
pietry  which  enabled  bhn  to  see  tliroUBh  those  hardshljis  and  Hdvei>c  I'oudl- 
lioiis  to  n  goiil  beyond.  IIIk  early  [irofessiiaml  exiH'tieiices  were  iiioueei-  ex- 
[■erlence*.  lie  InuKbl  nild»hi|iuieu  In  the  I'ulttHi  States  Navy,  Tlie  walls  of 
his  »-hiiol-hou!'e  were  the  rocks  itf  I'ort  Mahoii ;  ItM  idHycninnd  wan  tlie  mIoiw 
uf  \'e»uvlus.  A  little  later  he  >erved  ini  the  ChuUviiiivr  ex|)edltluii — m\  es[icdl- 
licin  not  unlike  that  of  Darwin  In  the  Iffiiitit:  hut  infinitely  more  [leiilous  and 
HllUnately  InvotvInK  actual  whlpwreck.  He  carrhil  the  siilril  fif  the  iiloiieer 
Into  his  Hclentine  work.  .\ll  through  Ills  hooks  we  feel  Kometlilne  i>r  the  lii- 
>l>initlon  of  the  poet,  siouiethliiK  of  the  Joy  of  new  dlKCi>vci-y  at  cver.i'  Ktc]i, 
Ills  flntt  work,  undertaken  Immediately  after  he  left  college,  wiis  In  inlin-r- 
nkwy.  lie  found  irwilogj-  In  lurge  uieiisure  oecupletl  In  detennlnliit;  (he  order 
'if  defioKlts.  He  set  himself  to  the  task  of  nndlni:  out  the  iihysiciil  ]iroii-ife'! 
liv  n-hli-h  those  deiiowits  were  iiriKluced.  la  the  Kreiit  i-lmnjres  in  the  middle 
of  the  last  century,  by  w|i]ch  science  I'eased  to  be  n  mere  chtssiflcntlou  of  |ibe- 
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I  and  beofline  In  n  truer  and  profounder  peiipe  an  explanntlun.  D;ina 
Iran  n  lender.  I  shiill  not  try  to  decide  hon-  niurli  van  due  to  lilin  nud  hitw 
niucii  wns  due  to  others.  Any  attempt  at  approprintioii  of  oredlt  was  forel(ni 
to  tale  nature.  He  wad  one  of  tbe  group  of  men  wbo  found  geology  a  cbronicle 
and  left  It  a  hlBtory. 

Hardly  second  to  the  Joy  of  dlsnivery  in  Dana'n  mind  was  tbe  Joy  of  Import- 
ing dlHTOvery  to  others  as  writer,  fls  editor,  nnd  as  teacber.  In  the  dnyfi  of  tbe 
old  currlfulum.  where  a  text-book  «iur8e  wtis  (riven  In  ench  of  BeversI  Bfleu(««. 
the  question  whether  the  students  gained  anything  of  Its  underlying  spirit 
depended  almost  wholly  on  tbe  teacber'ti  |>erBonatlty.  Every  man  who  studied 
geology  under  Dana  got  below  tbe  letler  and  felt  something  of  the  spirit  thru 
gave  life.  He  was,  I  thinic,  at  bis  best  iu  the  excursions  which  he  took  with 
biB  classes  to  points  In  the  nelRbborbood  of  New  Haven,  where  be  would  dis- 
course with  equal  enthusiasm  on  tbe  gorgeous  minerals  in  tbe  bnrytes  mine 
of  CheBbtre  or  the  cavities  in  tbe  Shore  Line  Rnllroad  cut  that  ought  to  have 
topaz  but  did  not  If  there  was  one  thing  that  be  seemed  to  love  particularly 
It  was  glacier  scratches,  and  It  Is  neediest  to  add  that  he  was  a  connoisseur  ns 
well  as  an  enthusiast.  Well  do  I  veiupniher  tbe  time  when  the  wag  of  tbe 
class  surr^titiously  made  Foue  glacier  scratches  of  bis  own  and  called  Pro- 
fessor Dana's  attention  to  tliein  in  tbe  prf«ence  of  the  class.  He  liad  taken 
much  pains  to  have  tbe  direction  right  and  the  executiou  as  lifelike  an  pos- 
sible, and  he  thought  the  scratches  n'ould  pass  muster :  but  all  the  comment 
that  he  obtained  was.  "They  look  like  tbe  work  of  an  Irlsbniau." 

The  burden  of  111  health  was  one  from  which  during  tbe  latter  part  of  his 
long  life  Mr.  Dana  was  never  wholly  free.  But  he  carried  It  with  Indomitable 
fortitude,  and  In  spite  of  his  Illness  did  work  which  would  have  seemed  beyond 
the  powers  of  a  well  man.  He  was  fortunate  In  his  love  for  tbe  things  be  did, 
fortunate  In  tbe  alTectlon  and  admiration  of  a  group  of  associates  on  the  Tale 
faculty,  most  fortunate  of  all  In  his  home  and  family  life.  A  group  of  visible 
and  tangible  memorials  of  his  work  hare  been  collected  In  tbe  University 
library  for  this  occasion.  A  more  enduring  monument,  of  a  kind  wblcb  would 
have  appealed  to  hliii  more  strongly,  is  furnished  by  the  research  fellowship 
at  Yale  which  hears  his  name  and  will  enable  others  to  carry  on  his  work  of 
discovery.  But  the  greatest  memorial  of  all  is  tbe  affectionate  remembrance 
of  the  man  and  of  his  work  whlcb  lives  In  the  hearts  of  us  who  come  after  bim. 

The  following  four  afldreaees  were  then  deliverefl : 

nAy.l.  THE  SIA\ 
BT    WILLIAM    NORTH    RICE 

James  Dwlght  Dana  was  bom  Febniarj-  12.  1813,  and  died  -Vprll  14.  18ft"7. 
Ills  career  of  scientlllc  work  was  exceptionally  long  and  fruitful.  His  first 
si-lentillc  |ia|)er  wns  published  In  18-15 ;  his  last  In  IS-OS — slitj-  .vears  later. 

The  parents  of  Trofessor  Dana  were  people  of  Intelligence  aud  high  char- 
acter, and  tbe  general  Influences  of  the  houie  were  nitosethet  wholesome. 
There  Fcenis  to  have  been,  however,  nothing  in  the  environment  of  bis  cblld- 
liorxl  eKpeclnllv  heliiftii  toward  a  Kcientlflc  eni-eer.  In  lltlcn  Academy  he  re- 
ceived an  Impulse  tow:ird  science  from  his  tencher.  Fay  Edgerton,  a  man  wba 
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wna  far  Id  advance  of  blB  tine  in  fala  metbods  of  itclenMflc  Instruction.  Dana 
entered  tbe  sopbomore  class  of  Yole  Ctdlege  In  1830.  and  was  duly  graduated 
[n  1833.  Tlie  strooKest  Influence  Id  his  rollege  life  toward  tbe  abaping  of  bis 
future  career  was  that  of  tbe  elder  Itenjiimln  Slllluian.  wbose  plooeer  work  In 
chemlstrr  and  geology  was  giving  renown  to  Tale  College.  The  year  following 
his  graduation  be  served  as  Instructor  in  raatbematlcs  In  the  Scliool  for  Mid- 
shipmen on  the  United  States  ship  Delaware  In  n  cmlse  In  the  Mediterranean. 
A  letter  to  ProfesHor  Sllllman,  dt^Rcrlblng  Vefinvlus  as  be  saw  It  at  this  time, 
was  tlie  first  of  bis  long  series  of  papers  rnbllabed  In  the  Amerlcon  Jonmal 
of  Science.  In  ISRft  he  was  appolntnl  nBslstiint  to  Professor  Sllllman.  At 
that  time  he  was  devotliiR  his  nftentlon  chiefly  to  mineralogy,  and  his  flrst 
Important  scientific  work,  tbe  "System  of  Mlnemlogy,"  waa  published  In  1837. 
It  l8  remarkable  that  a  book  representing  so  lorge  an  amount  of  research 
sbonld  have  heen  produced  by  a  man  only  twenty-four  years  old  and  only  four 
rears  out  of  college. 

Tbe  four  years,  from  1888  to  1842,  stand  sharply  In  contrast  with  tbe  simple 
nnd  uneventful  course  of  tbe  remainder  of  his  life.  In  those  years  he  was  one 
of  the  naturalists  attached  to  the  United  States  exploring  expedition  under 
the  command  of  Llcntennnt.  sflenvanls  Admlnil.  Wilkes.  In  the  voyages  of 
titose  years  he  crossed  thp  Atlnntlc,  Pacific,  and  Indian  oceans,  doubled  tbe 
two  great  capes,  traversed  numerous  coral  archipelagoes  In  tbe  Pacific,  had 
two  narrow  escapes  from  shipwreck — one  of  them  on  a  reef  among  the  can- 
nll>Bl  Islands  of  the  KIngsmilt  group — and  actually  KufFere<I  shipwreck  on  tbe 
bar  at  tbe  mouth  of  tbe  Columbia  River.  Dana  did  not  participate  In  tbe 
cmiae  along  tbe  shore  of  the  Antarctic  continent,  which  was.  In  a  purely  geo- 
graphical point  of  view,  the  most  memorable  achievement  of  the  eipedltloQ, 
While  some  of  tbe  ships  of  tbe  expedition  were  engaged  In  that  Antarctic 
cruise,  the  naturalists  were  left  behind  for  work  In  Austrnlls  and  New  Zea- 
land. In  the  ofHcial  distribution  of  the  scipntlflc  work  of  the  expedition,  Dana 
was  responsible  for  the  geolc^y  and  part  of  the  itoolc^cy.  The  results  of  bis 
work  were  embodied  In  three  great  reirarts.  dealing  respectively  with  boo- 
pbytes,  Crustacea,  and  geology,  and  published  tietween  184Q  and  1854.  These 
yearn  of  world-wide  travel  vastly  enlarged  the  sphere  of  Dana's  geological 
ot>servatlou  and  furnished  much  material  for  tbe  thinking  of  later  years.  In 
tbe  study  of  the  coral  archipelagoes  of  the  Pacific  he  accumulated  a  vast 
amonnt  of  obserration,  which  made  lilm  In  after  years  tbe  chief  expounder 
and  defender  of  the  theory  of  subsidence,  first  offered  by  Darwin  in  explana- 
tion of  barrier  reefs  and  atolls. 

In  1846  Dana  became  one  of  the  editors  of  tbe  American  Journal  of  Science, 
witb  which  be  was  associated  for  tbe  remainder  of  bis  life.  In  1850  he  was 
electa  professor  of  natural  history  in  Tsle.  and  In  1864  professor  of  geology 
nnd  mineralogy.  He  did  not.  however,  enter  upon  the  work  of  teaching  until 
1855,  the  years  preceding  that  date  being  devoted  to  the  preparation  and  pub- 
lication of  the  reports  of  the  exploring  expedition.  He  wna  engaged  In  tbe 
work  of  teaching,  except  for  short  times  when  he  was  disabled  by  Illness,  until 
1890.  In  1894  he  became  professor  emeritus.  His  service  ns  n  teacher  In  Tale 
University  was  not  only  of  great  value  to  the  Instlttitlon  and  to  tbe  large 
number  of  students  who  came  under  his  Instruction,  but  wiis  luidoubtedly  a 
beaeSt  to  him  as  an  Investigator.    Tbe  work  of  expoRltlon  Is  an  aid  to  clear 
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tliinklni:.  If  a  M-lratia<'  lunn  U  not  tviiiiireil  to  teaob  rn  tuucli  an  to  extmuxi 
biK  time  ami  otreiifill),  hlM  tenoblne  Dts  bliu  Tor  belter  work  iis  hd  luvei'tiKHtnr. 
It  wHH  Ihe  (IimnI  r»rtiine  of  I'rofeAotur  I>nna  to  linve  euough  of  tmtfblnt;  aud  not 
too  mufb.  Hit!  most  fruitful  work  wnx  done  during  the  [>erlo«l  of  I)Ik  profef- 
FwrHbiji  in  YhIp.  IIIk  Krentest  und  most  iufliieutlnl  l>ook.  the  "Mumml  of  tie- 
olotry."  wuH  iinbllNbed  In  lHii2.  nnd  the  fourtb  eilitlou.  Ihe  liii't  lirtiurtint  work 
of  biH  life.  wiiH  imbllNbed  In  18!t.->. 

Tbe  fiireer  of  rrofcfi^r  I>iinn  renilndx  u»  In  vnrious  >v:i,vs  of  tbiii  of  Diir- 
uiii.  Tbe  (wo  men  were  iillke  In  tlie  tcreiit  dnratlun  of  )iro<lu<-tivf  nc-tivlt}':  In 
ttte  nnuilier  nud  ruHety  of  tbe  tnibjn-ts  whii'b  eiiciiKt^l  tlielr  nltentioii :  In  the 
MdventnnmK.  world-wide  ex|>I(>nillon  ill  llie  iie-.:inuin);  of  tiie  i-iire«-r  i>f  eiH-li, 
mid  in  tbe  Iwlf-i-entury  of  peaceful  biHiie  life  tiiiit  f<iIloweil.  Tbey  were  nilkc 
iilfo  in  tbe  exikerleiiee  of  Iniimlred  bealtb.  nnd  of  »  iwtlielli-  Mlmir^le  tii  bns- 
biind  u  yennt.r  enpltnl  of  jihyDiivl  vijfur  iin<l  endnnince  mid  iniike  It  yield  tbe 
liirKe)<t  iNMWible  laeonie  of  Inteliet'tnnl  iii'bievciiient. 

I  biive  elsewiiere  |iut  on  reiiinl'  my  own  eKtiiiiiite  of  tbe  wurt:  of  Iiiiiia  In 
the  three  wleiict.-a  to  wliich  dllTerent  iieriMln  of  Ids  life  were  Hilelty  devoterl  ■- 
uibieniloKy.  WMilogy.  Kcoit^y.  Today  the  diHctissIuu  of  hU  wlentltic  work  b«s 
lieen  uwltnied  to  ollierx  iiioMt  fli  to  aIl)l^lli^e  It  nt  itx  true  viitu«.  My  duty  Is  to 
^Iieiik  of  tlu'  Keneral  chnracterlHtk-^  of  tbe  iiiiiu. 

Till'  i-li II meter islic-  that  most  hnpreKmHl  nil  w)hi  i-eiilly  knew  htm  wiik  bis 
profound  Bcniie  of  Ibe  nii-redn#RN  of  truth.  With  alisolute  siiK-erity  he  Konclit 
to  know  the  truth  und  to  tetl  the  trnth  In  otliei-s.  No  pride  in  wimt  is  wrouKly 
ciiited  couslftency  niiide  liini  uiiwIltiuK  to  cbmiite  his  oiihiinns.  lie  neeiiie;!  to 
tiike  pleiisure  in  confessinR  iBnomnt'e  or  eri-or.  In  the  thlnl  eilltioii  of  bis 
"Syntem  of  MIneriiliwy."  when  be  ciiKt  iiiilde  tlie  obiRMltlcntton  mid  tbe  l.ntiii 
bliiominl  nonienclnture  of  the  former  eflitloiix.  be  wrote  in  tbe  prefiM-e:  "To 
ehiuiKe  Is  iilwnyf  xeeniliiK  Hi-kleiK-sii.  tint  not  to  i-bnntce  with  the  advnuce  of 
selenec  is  worse:  It  is  iierKistence  In  error."  He  siiid  to  nie.  In  fiienkliiK  of  the 
chnnses  introdueed  in  the  third  edition  of  tbe  "Mamial  of  t^dosj-";  "When 
II  man  Is  too  old  to  lenm  lie  1r  ready  to  die.  or  nt  leasi  he  Is  nol  fit  to  live." 
Tbe  frankness  with  wbli-h  be  I'linntteil  bis  o|iinioiiH  and  bis  leiiebhiKs  on  tlie 
fiidiject  of  evolution  when  more  than  Ibi-eesi-ore  years  of  nice  is  a  Ktrlkliu;  illus- 
tration of  his  loyalty  to  truth.  It  wait  In  1ST4.  in  the  sei-^md  edition  of  lb<^ 
"Text-book  of  GeoluKi'."  that  he  flrtit  avowed  bhiisolf,  tboii};h  in  somewhat 
(lUflUQed  faHhIon.  r  believer  In  the  doi'trlne  wlili'b  he  iind  so  eiirneittl.v  aiitac- 
oulzed.  Ills  eonverslon  would  ppolmhly  have  eonie  somewhat  earlier  hut  for 
Ihe  faet  that,  on  necouiit  of  Ids  Impaireil  heiiltb  nt  the  time,  he  did  not  I'e:!!! 
the  "Origin  of  Species"  until  several  years  after  Its  iiuhllcallon.  Tlie  some 
delicate  seiifie  of  truth  which  made  him  no  reniLv  to  cbnnite  oplnlonH  made  it 
liot-'slble  for  him  to  liold  opinion  In  nheynnce.  lie  knen'  that  he  did  not  know 
some  IhingR  and  he  would  not  assert  planslhle  eonJectureH  as  truths.  Pro- 
fessor FnrrlnRton  has  preserved'  f^onie  of  the  aphorisms  whicli  be  ultere<l  fi-oiii 
time  to  time,  which  nilKht  well  he  mlo[iteiI  as  niaxliits  liy  ail  students  of  sci- 
eiiie.  "I  think  It  lietter  to  il(«ilit  until  you  know.  Tim)  many  iieople  assert 
and  tbeii  lei  others  douht,"  "I  have  found  It  Ix-st  to  be  always  afloat  In  resard 
to  opinions  on  Keolotty." 

'  Jordan  :   IrfmHne  Amtrlt-nn   men  of  hcIpdi'p,     Sptr   York,   IHUt.   pp.  2S:1-l:«S. 
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Hla  llberHlltr  in  the  treatiueut  of  different  of  oi>lulou  wns  uuotb^r  )>liaK 
of  Ub  derotioD  to  trutb.  Tbe  jtnged  of  the  Jourual  of  Si-ieiice  were  jilwaya 
freely  open  for  the  presentation  of  views  most  widely  dWei^ent  fi-oiii  his  own. 
"M4»e,"  he  said,  "could  be  learned  by  studying  uuconfonnltlea  than  confonu- 
Ittea." 

His  loyalty  to  trutb  was  In  part  an  Intellectual  and  In  pnrt  a  uiorul  triilt. 
Intellectually  It  was  related  to  tbe  clearneas  of  tils  eoiK-eptlon.  It  Ih  the  niau 
who  never  knows  eiartly  wliat  be  tbliiks  tLiit  fnlls  luoHt  eiisUy  Into  the  yhv 
of  saying  sometliing  dlfFerenl;  from  what  be  thinks.  But  Diina's  cbaraoter  was 
Intensely  ethical,  and  with  blm  etblcs  was  alwa}-s  saucllflpd  imd  glorlSed  by 
religious  faitb.  In  his  view  disloyalty  to  truth  was  lufldellty  to  God.  Tbe 
Inflaences  of  bis  childhood  home  were  strongly  religious,  and  lu  his  early 
manhood  he  tnade  public  profession  of  ChrlHtlnii  faltb,  uniting  with  the  First 
Congregational  Church  In  New  Haven.  His  letters,  written  amid  perils  of  ship- 
wre<>k  and  cHnntlials  In  tbe  e^iplorlng  expedition,  reveal  the  strength  of  bis 
faith  in  the  providential  care  of  a  Heavenly  Father.  Ills  patience  under  the 
rextralnts  Imposed  upon  bini  by  tbe  liniwlmient  of  bis  lienltb.aud  the  serene 
light  which  brightened  the  long  evening  of  his  life  were  doubtless  In  imrt  due 
to  a  naturally  cheerful  8i>lrlt.  but  surely  in  large  part  due  to  bis  religious 
faltb.  A  few  months  before  his  death  he  wrote  to  I'rof.  J.  1'.  Leslej-:  "I  Ui^ed 
to  have  a  spring  In  my  walk  and  get  delight  out  of  It.  Rut  for  u  little  over  a 
month  my  heart  has  compelled  me  to  take  what  1  should  before  have  called  a 
creeping  gait.  Such  encroachments  are  reminders  that  the  end  Is  coming. 
But  It  will  he  peace,  rest.  and.  I  believe,  Joy  unending.  Life  were  worth  living 
If  it  were  only  for  tbe  end." 

One  is  reminded  of  Browning's  noble  lines : 
"Grow  old  along  with  me  I 
The  besf  U  yet  to  be. 
The  last  ot  life,  (or  which  the  flrat  was  made." 

As  a  thinker  Dana  was  eminently  characterized  by  breadth  of  view.  Tiiough 
facts  might  be,  as  Agasslz  so  nobly  said,  "the  words  of  Ood,"  they  were  mean- 
ingless unless  tbey  could  be  arranged  In  sentences.  Uanu  was  eminently  a 
generaliser  and  a  systematlzer.  Tbe  "Manual  of  Geology"  is  Indispensable  to 
every  American  geoi<^lBt  for  Its  encyclopedic  array  of  facts ;  but  the  general 
conception  of  the  meaning  of  geological  fact  with  which  the  whole  book  Is 
luminous  Is  the  greater  glory.  If  Dana  sometimes  mistook  analogy  for  iden- 
tity, and  sometimes  grouped  facts  In  a  pseudo-system,  he  only  showed  "the 
defects  of  bis  qnalltlen."  The  only  man  who  has  made  no  unsound  generaliza- 
tions  Is  tbe  man  who  has  never  geaerallzcd  at  all. 

There  is  a  certain  Intellectual  kinship  between  tbe  philosopher  and  tbe  poet. 
Tbe  loftiest  generalizations  of  science  Involve  a  flinht  of  imagination  approach- 
ing the  poetic.  The  minds  moat  glftwl  witli  the  poner  to  Fee  the  sclentlflc 
meaning  of  natural  phenomena  are  often  most  keenly  sensitive  to  the  liisplra- 
Coral  Islands"  and  g^nlike  sentences  which  Hash  here  and  there  from  the 
pages  ot  the  "Manual  of  Oeology"  show  a  poet's  sense  of  nature's  manifold 
and  resistless  charm. 

Dana's  |)ersotml  appearance  was  at  once  attractive  and  impressive.  The 
flash  of  blH  eyes  and  the  exquisite  sweetness  of  Ills  smile  will  ei-er  haunt  the 
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mnnoiT  of  all  who  hn^w  blni.  Hie  inteHt  portrait  fs  the  most  ImpreMlve  one. 
The  thin,  eager,  vlvacloua,  kindly  face,  wllb  Ita  hnlo  of  ullyer  Lair,  was  limplr- 
Ing  In  Ita  dignity  and  ■weetnees.    For  him  the  hoary  bead  was  a  crown  of  gloiy. 

The  qulcknees  of  all  hie  morementa  wuh  remarkabla  Even  In  old  age  be 
walked  uphill  and  down  at  a  iiar«  which  Btudeute  found  it  easier  to  admire 
timn  to  Imitate.  Tbe  <ittickneflH  of  bis  phyaical  inovementa  wua  iin  e:tiire!U'lon 
of  the  eenaltlveneaa  of  nerrous  organization  which  gave  such  Intense  vlvucity 
to  bis  mentAl  work. 

The  reatralnts  imponed  by  tbe  condition  of  bin  health  Isolated  him  from 
Boclety  in  general.  Yet  he  wa§  delightfully  mmpanlonable  to  tlKwe  who  had 
tbe  privilege  of  entering  tbe  preclnctn  of  his  quiet  and  ce^'luded  life.  His  con- 
vernation  was  enlivened  A'ith  a  delicate  hnmor.  and  in  controverxy  he  could 
t>e  sarcaBtlc.  His  courtesy  was  tbe  expression  of  real  kludneso  o'f  heart.  His 
helpful  Interest  In  tbe  work  of  younger  scientific  men  has  left  ricb  store  of 
grateful  memories.  As  son,  brother,  husband,  father,  friend,  bis  life  In  all  tbe 
relations  of  most  Intimate  affection  w«s  pure  and  gentle. 

Hie  was  n  genius  to  be  admired,  a  character  to  tie  reverenced,  a  personality 
to  be  loved. 

D.ISA,  THE  TEACHER 


Geology  at  Yale,  though  it  covers  the  blslory  of  Ihe  wieni'e  lu  this  country. 
Is  but  little  more  than  a  feutury  old.  tUe  first  lectures  lu  what  was  then  (.■on- 
sldered  a  daugeroun  and  revolutionary  Rubject  having  been  given  by  Trof. 
Benjamin  SllUman,  the  elder,  in  180G.  Just  Sfty  yean*  Inter,  February  IS, 
1856,  Prof.  James  Dwight  Dana  began  bis  active  rtasH-rooiu  work  as  the  81111- 
man  professor  of  natural  history,  the  chnlr  having  been  established  a  few 
years  pi'evlously  by  Prof.  Edward  E.  Sallnhury  for  the  purpose  of  keeping  at 
Yale  tbe  rising  uatnrnllHt.  whose  fame  was  already  more  than  national.  Pro- 
fessor Dans,  therefore,  was  no  longer  strictly  n  young  man  when  be  h^an  his 
work  in  tbe  class-rootn.  Forty-tbree  years  bad  passed  over  bin  bead,  but  more 
than  thirty  of  them  bad  been  years  of  wonderful  preparation.  A  collector  of 
natural  history  specimens  as  a  mere  chilli,  his  bent  bad  been  fostered  in  tbe. 
for  those  days,  unusually  ambitious  Kcleni'e  dei>artmeut  of  tbe  Barliett  Acad- 
emy, at  Utlca,  N.  Y. 

Daniel  C.  Oilman,  I>ana'B  biographer,  quotes  a  letter  from  Dr.  ^f.  M.  Bagg, 
of  Utlca,  descriptive  of  tills  school,  and  Fay  Edgerton,  its  si-lence  master,  who 
was  a  pupil  of  Amos  Eaton,  one  of  America's  pioneers  In  geology,  who  In  turn 
had  been  a  student  under  SlUlmnn.  Edgerton  was  liy  nature  a  teacher,  and 
he  took  his  pupils  oil  long  walks  into  tbe  neighboring  country,  "showing  them 
(according  to  Doctor  BagjE)  where  to  go  in  pursuit  of  whatever  was  Instructive 
or  curious,  assisting  them  In  tbe  miming  and  care  of  their  specimens  and  in- 
spiring them  with  (his  own)  zeal  for  nnlnral  science.  During  tbe  long  summer 
vacations  he  (Edgerton)  made  lengthy  excursions  with  half  a  dozen  or  more 
of  bis  clnss  to  distant  parts  of  tbe  State  or  nelshtioriug  ones,  visiting  localities 
that  abounded  In  particular  rocks  or  minerals,  and  bringing  home  stores  for 
their  own  or  the  school  collection.  These  excursions  were  niadf  nlinoKt  wholly 
on  foot,  a  single  horse  and  wagon  accompanying  the  party  to  carry  their  scanty 
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wardrobe  and  relieve  the  oft-burdeDed  mineral  sntcbel  borne  by  each  of  tbem, 
until  such  time  as  tbey  readied  a  suitable  place  for  ehlpment" 

I  bave  quoted  tbue  at  lengtb  from  Doctor  Bsgg'a  letter,  because  Professor 
Daua  used  often  In  coDTeraatlon  to  refer  to  tliose  early  days  at  Utlca  and  tbe 
advantflge  that  a  country  boy  bad  over  a  city  boy  1b  tbe  study  of  nature, 
Bscriblug  to  Mr.  Bdgerton  tbe  crystalllzlDg  Into  permanency  bis  own  Inclination 
toward  nature  study.  I  do  tiot  recall  bis  ever  mentioning  Asa  Oray  as  being 
one  of  his  teacbers,  though  tbe  greut  botanist  succeeded  Edgerton  at  Bartlett 
Acadenty  before  Dana  left  borne  for  New  Haven,  and  Dana  and  Qray  were 
lifelong  and  fast  frleods. 

Dana,  as  be  blmself  said  In  bis  Inaugural  address  as  professor,  was  attracted 
to  Tale  In  1830  by  tbe  elder  SUIImau,  another  marvelous  teacher,  then  in  tbe 
■«ifCb  of  bis  fame  Thus  we  can  trace  the  Influence  of  one  great  teacher  on 
another — Sllllmon  on  Eaton,  Elaton  on  Edgerton,  E:4lgerton  and  Sllllman  on 
Dana,  Dana  on  many  of  the  geologists  of  the  present  day. 

In  1S33  and  1834  Dana  speot  sixteen  months  on  a  United  States  naval  vessel, 
cmislng  to  the  Mediterranean  as  a  teacher  of  mathematics  to  midshipmen. 
Then  came  a  period  of  three  years  without  a  position,  except  temporarily  as 
assistant  to  Sllllman,  fruitful  in  producing  tbe  first  edition  of  bis  "System  of 
Mineralogy,"  a  remarkable  book  for  a  young  man  of  24  lo  prepare.  After  tbls 
period  came  the  United  States  exploring  expedition  under  Captain  Wilkes, 
1838-1842,  giving  Dana  an  uneqnaled  opportunity  for  accumulating  data  and 
experience,  and  tbls  was  followed  by  fourteen  years  devoted  to  getting  ont  his 
truly  monumental  reports  on  tbe  soopbytes,  tbe  geology  and  the  cmatacea  of 
the  trip,  and  to  the  preparation  and  publishing  of  tbe  second  edition  of  bla 
"System  of  Mineralogy,"  his  "Manunl  of  Mineralogy,"  the  third  edition  of  the 
itystem,  coral  reefs,  and  islands,  and  tbe  fourth  edition  of  the  System,  besides 
many  long  and  short  articles  that  appeared  in  tbe  American  Journal  of  Science 
and  elsewhere — about  7,000  pages  of  printed  text,  besides  hnndreds  of  plates 
and  figures,  coming  from  his  pen  tu  these  years. 

Tbwe  thirty  years,  as  we  may  say,  of  preparation  brought  blm  to  his  pro- 
fessoTSbip  with  s  fund  of  knowledge  and  experience  possessed  by  none  of  his 
collesKues  In  geology.  Except  for  periods  of  enforced  rest,  whui  the  frail  body 
was  allowed  an  opportunity  to  recuperate  from  the  strain  put  on  it  by  the 
Intensely  active  brain.  Professor  Dana  was  on  the  active  teaching  f^rce  of  Yale 
College  for  about  tblrty-five  years,  or  until  the  fall  of  1890,  when  persistent  III 
health  forced  him  to  give  up  class-room  work.  In  1802  he  formally  relin- 
quished his  professorship  and  two  years  later  was  made  professor  emeritus. 

At  Qrst  he  had  classes  In  mineralogy  as  well  as  geology,  but  as  be  grew  away 
from  tbe  narrower  science  be  retained  those  In  geology  alone,  an  elementary 
required  course  for  the  collie  seniors  In  the  fall  term,  followed  by  an  ad- 
vanced elective  course  In  the  spring,  with  oocatdonal  grailuate  students,  consti- 
tuting the  program  of  directly  Instructional  work  that  fell  to  bis  lot,  at  least 
during  tbe  latter  part  of  bis  career 

It  Is  quite  tbe  custom  In  many  quarters  to  tnvelgb  against  tbe  usage  that 
prevails  In  most  American  universities  and  collies  of  requiring  full  professors 
to  give  elementary  Instruction  In  tbe  class-room.  There  Is  tbls  to  be  said  in 
its  fsTor,  bowever,  that  It  widens  tbe  influence  of  the  master  mind,  nrouf^es 
more  thought  in  tbe  average  undei^aduate  than  can  tie  engendered  by  an  In- 
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experienced  or  mediocre  man,  nod  makes  ttae  great  men  of  science,  tetters,  and 
nrt  ftomethtng  more  (ban  mere  names  to  bimdredn  and  eren  tbouaanclB  of  lufln- 
entlal  men  all  over  tlie  coDDtry.  One  of  my  own  claBsmates,  wbo  tias  never 
lirelended  to  any  8i>eclal  knotrledfce  of  geoloKy.  was  no  Impressed  with  tbe  ex- 
position in  tbe  required  course  of  the  DHrwln-DitDn  tbeory  of  tbe  formation  of 
(.■oral  island))  that  he  offered  to  fit  out  nn  expMltlon  to  enable  Professor  Dana 
to  accomplish  his  favorite  srheme  of  sinking  one  or  more  deep  borings  In  some 
atoll  of  the  South  Pacific  to  lest  It.  Tlie  naturalist,  however,  was  already  71. 
and  be  reluctantly  decided  that  he  was  too  old  to  undertake  the  work.  Pro- 
fessor Dana's  lectures,  nevertheless,  were  an  Imiwrtant  factor  In  tafluenctne 
tbis  young  man  to  foster  sdence  with  a  portion  of  hia  wealth  during  tbe  eac- 
ceedlng  years. 

My  own  experience  under  Professor  Dana  began  In  the  fall  of  1883,  In  tbe 
required  geoloey  course,  and  well  do  I  rwall  ttic  courtly  gentleman  In  tbe 
class-rooui  and  on  tbe  field  excursion.  I'eabody  Museum  was  then  a  new 
building  Hnil  he  was  very  proud  of  It,  for  he  had  had  much  to  do  with  the 
plans  for  Itfl  Intenial  arrangement.  The  geology  lectures  were  given  In  the 
large  ball,  on  the  ground  Qoor,  that  still  servee  the  same  purpose,  and  Ita  origi- 
nal conveulences  were  rtevlsetl  by  I'rofesHor  Dana.  Promptly  on  the  hour,  tbe 
modest  and  unassuming  but  still  Inipressive  man  would  appear  from  his  ofiice 
iind  l>egln  lecture  or  rpcltatlon  with  a  nervous  energy  that  bespoke  tbe  Industry 
and  concentration  which  enabled  him  to  ac<vmpllsh  the  great  amount  of  work 
that  stands  to  his  credit.  Lectures  were  crowded  with  fact  and  condensed  In 
delivery ;  a  student  could  not  afford  to  miss  a  word.  Recitations  went  forward 
with  no  waste  of  time.  I  recall  no  obvious  effort  at  discipline  In  the  clam- 
room,  the  personality  of  the  Instructor  seeming  to  eliminate  all  thought  of 
disorder  from  the  mind  of  even  the  most  lrres|H>nsible  student. 

In  recitation  liearing  Dana  was  confined  to  tbe  test-book  before  him,  evi- 
dently thinking  It  a  waste  of  energy  to  commit  to  memory  himself  the  exact 
limits  of  tbe  knowledge  that  could  fairly  be  expected  from  the  class;  but  his 
remarks  on  the  subject  of  the  day  were  drawn  from  his  own  wide  fond  of 
personal  experience,  which  was  always  presented  In  the  most  impersonal  way, 
supplemented  by  up-to-dute  reading.  He  bad  wonderful  facility  In  aBSlmliatlng 
and  presenting  the  facts  and  worthy  Ideiis  lirougbt  out  by  others,  but  at  the 
same  time  he  had  tbe  rarer  faculty  of  remembering  the  sources  of  such  facts 
and  Ideas  and  tlie  candor  to  give  credit  where  ixedit  was  due.  Professor  Dana 
was.  however,  no  mere  recitation  hearer.  Class-room  work  was  onerous  to 
bim.  I  think,  though  he  was  faithful  to  it  through  the  boneet;y  of  bis  nature, 
which  did  not  permit  him  to  slight  any  duty  or  shirk  any  task.  The  boys  who 
worked  and  who  manifested  a  real  Interest  In  the  earth  sciences  received  full 
measure  of  his  time  and  his  talents;  but  tliose  wbo  tried  to  "blufT'  their  way 
through  his  classes  encountered  serious  obstacles  in  the  keen  wit  of  the  kindly 
old  gentleman. 

Tbe  excursions  of  senior  year  took  us  to  West,  Pine.  MUi.  and  Bast  Rocks, 
forming  the  familiar  rompart  of  diabase  sills  and  dikes  bounding  New  Haven 
on  tbe  norti) ;  to  the  Woodbrldge  Hills  and  Judges  Cave,  to  see  a  train  of  huge 
glacial  boulders ;  to  the  kettle  Iioles  of  Beaver  Pond  meadows  and  cross-sec- 
tions of  tbe  New  Haven  sand  plain;  to  Red  Rock  and  tlie  faultacarpa  of  Tri- 
asslc  sandstone  In  Fair  Haven  and  East  Haven.     One  exceptional  trip  waa 
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(iMt  made  by  Kom*  of  the  elective  I'lnns  to  tlie  Tilly  Pouter  Iron  miiiefl  ut 
BrewBterw.  New  York.  Tlione  were  old-atyle  exenl■»lon^  full  of  dldartlc  pon- 
rerwition  nitlioiit  mui-b  Indut-tlve  work;  but  "Induction"  wflx  not  the  fad  tlien. 
Tlip  i-T<nvil«  of  HtudeiitH.  iievertlieiexH.  derived  n  world  of  beneSt  from  tlieir 
Interrourse  with  tlielr  fimioufi  teiK'lier,  whose  eno'floi'etl'e  fund  of  ktionledKt: 
u'iiM  Klveu  US  freely  iin  nir  to  tlie  luiietit  luguirer  aftt^r  tmtb,  whEle  his  keen 
(liiesttons  were  iirovoentlve  of  thought  hikI  limtrwtlve  dls(TisKion. 

I'rofesBor  Dniiii  hud  no  nue  for  tlie  trifler.  We  were  exiinilnhig  the  Htronttly 
niiirked  cuutiict  tiltenouienn  In  the  TriiiRHlc  iirkose  of  Mill  Rock  beside  the  triip 
(like  in  the  rond  ut  tlie  foot  of  T^ike  Wtiltiiey,  when  oue  of  iiiy  clHSKUiHteH  sub- 
mitted a  pleoe  of  hard-burned  bripk  with  the  question,  "What  do  you  think 
tliat  Ib?"  Quick  as  a  flasb  cnnie  the  retort,  "A  foollBh  ijueRtlon  by  an  Imperti- 
nent student." 

Judgine  from  iny  own  experience  of  three  years.  1SS(1-188!).  Professor  Dann 
wdH  extremely  iMliiitttiking  with  IiIh  Krailunte  Ktuilentn,  |Mirti<>iilarly  In  book 
n'ork.  He  left  us  a  iniod  deal  to  our  own  devli-ex  In  Held  work,  not  HU|)ei'rl)tlntc 
n»  aa  eioxely  or  punhliiK  lis  hh  hard  Iben  iik  he  would  donbtlewx  bave  done  had 
iie  l>eeii  younger  and  Ktnintter  iiiiil  leRH  at»'orbed  iu  IiIh  uwii  HtudleH  and  writ- 
ing. Still,  college  geologti'Hl  deiMirtnieiitH  thlrt.v  yearn  ago  were  only  Just  be- 
Kiuniiig  to  develop  tlie  elfli'ieiK'y  in  field  liistrwtion  that  they  iiave  since  at- 
tHlneil.  and  the  class-room  uielliod  was  carriwl  loo  much  Into  the  seminar. 

In  tbe  intimate  aciiualntance  with  rnifessor  Dana  to  which  the  graduate 
student  attained,  the  olmervationR  on  men  and  nietbods  let  fall  by  the  teacher 
were  invalualile  In  Ibelr  elTect  on  the  student.  Respecttnf;  tbe  father  of  one 
iif  the  prenent  ^jeologlcal  faculty  at  Yale,  Professor  Dana  remarked,  when  he 
lieiird  of  hlM  untimely  denlli.  "Ilis  death  chupps  a  distinct  loss  to  geologlcni 
urtence.  He  was  a  keen  observer,  a  painstaking  colle<'tor  of  factti.  a  careful 
man  In  statement,  conservative  in  deductions,  open-minded  ae  to  iipposliiK 
theories.  He  was  trustworthy."  Professor  Dana  could  not  tolerate  another 
geologist  of  wide  fame  whose  concinslons.  though  brilliant,  were  based  on 
hasty  and  Insufficient  field  stuily-  "No  man,"  said  Dana,  "can' grasp  the  facts 
■of  the  metamorphic  rocks  and  their  theoretical  Iwarlng  by  looking  at  the 
"niiitry  as  he  drives  along  in  a  bugKy," 

He  was  always  oppoBe<l  to  dwtmatism  eltlier  In  matter  or  manner.  His  mind 
wax  ever  open  to  the  reception  of  new  facts  and  new  explanations  of  long 
known  facts.  Tile  mere  ctrcumstaucc  that  he  had  published  a  statement  of 
fiict  or  theory  did  not  lead  him  to  cling  to  itagainst  evidence.  In  the  preface 
lo  tlie  third  edition  of  the  "System  of  Mineralogy"  (18.50).  which  was  the  one 
in  wiiich  he  nbondoned  the  diiai  iiomenclnture  for  minerals  whh'h  lie  had 
elaliomtely  worke<l  out,  he  snld ;  ".  ,  .  To  chan)ce  Is  always  seeming  flckle- 
iiess.  But  not  to  change  with  the  advance  of  science  Is  worse ;  It  Is  iterslstence 
In  error,  .  .  ,"  ThroiiRliout  Ills  long  life  this  was  his  constant  attitude  of 
ijilnd  and  it  was,  naturally,  refln-ted  in  bis  class-room  work.  This  Is  perhaps 
shown  most  strikingly  in  his  teachings  r^arding  evolution,  from  the  early 
tiiiys  (Cniflacea.  ISM),  when  he  advocated  tiie  doctrine  of  the  spe<'lai  ci-ea- 
tiiffl  of  Bjiecies,  to  the  later  period  of  his  life,  when  he  favored  the  rlew  of 
'■rolutlon  Ihrtniffh  variatiim  ("Manual  of  Geology,"  fourth  edition,  18.05).  The 
wiine  clninicteristic  was  shown  In  Ills  Instructions  to  me  as  a  graduate  student, 
when  I  liegan  work  under  him  on  the  Triasslc  trap  dikes  and  sheets  eKst  of 
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New  Raven.  He  Mid,  "I  have  always  regarded  the  tmp  au  IntrualTe  after  the 
tilting  of  the  sandstone,  but  an  entirely  different  theory  Is  now  being  advo- 
cated for  the  northern  part  of  the  Connecticut  Triasalc.  I  wont  you  to  aacer- 
tain  the  facte  for  the  New  Haven  region  and  determine  the  theory  that  fl[^11es 
to  them,  without  reference  to  Its  autborahlp."  And  he  accepted  v:ith  eqnl- 
nlmlt7  the  changea  In  theory  that  be<aiiie  net^aaary  from  the  atudy. 

He  was  much  Interested  in  the  progress  of  this  Invostigatlon,  and  once  took 
Dr.  George  H.  Cook,  of  New  Jerney.  out  to  see  some  newly  found  expoaurea. 
Doctor  Cook  was  somewhat  alow  In  getting  out  of  the  carriage,  but  Professor 
Dana  was  aa  apry  aa  a  cat.  He  apologised  for  helping  Doctor  Cook,  on  the 
ground  that  the  latter  was  the  elder.  Comparison  of  ages  showed  to  the  aur- 
prise  of  both  that  the  New  Jersey  man  waa  younger  by  several  years  than  bis 
more  agile  colleague.  As  a  matter  of  fact,  Professor  Dona  was  noted  for  the 
rapidity  with  which  he  got  over  the  ground  when  leading  a  geological  escar- 
Blon.  He  seemed  to  begrudge  the  time  that  was  consumed  In  passing  from  one 
point  of  geological  Interest  to  another. 

He  was  an  Indefatigable  and  charming  letter-writer,  as  his  biography  abows, 
and  the  hlndneas  of  hla  heart  led  him  not  to  neglect  bis  former  puplla  Within 
a  year  of  hla  death,  while  being  allowed  to  work  only  three  liours  a  day  and 
while  every  moment  was  precious  for  the  completion  of  the  fourth  edition  of 
hla  "Manual  of  Geology,"  be  devoted  part  of  one  at  least  of  thoee  valuable 
working  periods  to  writing  a  long  letter  elucidating  an  intricate  problem  in 
geology  for  the  benefit  of  one  of  his  old  atudents. 

I  can  not  close  this  all  too  brief  tribute  without  referring  to  his  work  aa  an 
editor,  and  especially  to  part  of  bla  work  as  an  author.  For  a  half  century 
he  put  the  Impress  of  his  personality  on  the  American  Journal  of  Science, 
making  It  a  training  school  for  American  scientists  and  a  necessity  for  the 
college  professor  and  the  laboratory  and  field  worker.  As  the  author  of  the 
"Syatem  and  tbe  Manual  of  Mineralogy,"  the  "Manual  and  tbe  Test-hook  of 
Geology,"  and  the  "Geolc«lcal  Story  Briefly  Told."  Professor  Dana  made  bis 
impression  on  eVery  geological  class-room  la  the  country.  The  influence  of  a 
great  teacher  never  dies,  and  James  D.  Dana  was  a  great  teacher. 

DAKA,  TBS  OKOLOaiBT 


In  accepting  the  Invitation  to  speak  tonlgbt  on  Dana  as  a  geologiat  I  confeaa 
to  having  been  controlled  In  part  by  a  desire  to  make  known  to  you  how  Dana 
Impressed  one  who  bad  never  fallen  under  his  personal  Influence,  for  I  knew 
blm  but  slightly.  My  knowledge  and  my  opinions  are  baaed  largely  on  what  I 
have  gained  through  reading,  though  naturally  molded  to  some  extent  by  the 
opinions  of  friends.  In  short.  It  seemed  that  perhaps  I  might  speak  of  bla 
work  from  the  cold-blooded  standpoint  of  an  hlBtorian,  unbiased  by  peraooal 
contact  never  having  antagonized  and  never  working  with  him  except  as  botb 
were  laboring  In  a  common  cause. 

Let  us  consider  for  a  moment  the  essentials  for  good  geologic  work : 

lat  One  must  be  a  good  observer. 

2d.  He  must  t>e  sufficiently  grounded  In  certain  basal  Rciences  to  enable  htm 
to  draw  legitimate  conclusions  from  what  be  observes. 
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3d.  lie  must  know  what  otber  vrorkeni  hnvf  done,  nii<1  be  able  to  utilize  to 
advantage  tbeir  work  and  ooncluBluna. 

4th.  ir  be  Is  a  irreat  geologiet  he  must  posBess  a  crefttlve  Imnglnatlon  and  be 
maRter  of  both  Inductive  and  deductive  methods  of  reiisoiilng. 

5tb.  He  must  have  staj-lng  power. 

Sow,  I  bare  found  iio  man.  In  my  readings  on  American  if^olog:)-,  who  po8- 
oeteed  tbese  qualities  to  the  same  degree  as  Duna,  In  turning  through  that 
masterly  compendium  wblch  has  come  edition  after  edition  from  hte  hand  one 
can  but  be  lmpr«s8ed  with  the  grns))  he  lind  on  the  literature  In  all  Its  phases: 
bow  DO  writer,  however  bumble  or  amateurish,  was  overlooked  If  biB  work 
was  of  value,  and  bow,  notwithstanding  the  mass  of  detail,  often  contradictory 
and  Incwncluslve,  the  conclusions  drawn  were  always  clear  and  logical. 

Dana,  almost  from  the  b^lnnlcR  of  his  career,  showed  a  capacity  for  the 
lai^er  problems,  but  by  no  means  Ignored  the  iininller  ones.  He  was  no  mere 
closet  geologist  or  descrlber  of  species;  neither  was  he  i)araHltlc  on  the  work 
of  others.  In  uo  otber  branch  of  science  than  that  of  geology  can  It  be  said 
with  a  greater  degree  of  truth  that  "a  thought  is  his  own  who  kindles  new 
youth  In  It."  Thus  Dana  made  otjiers'  work  bU  own,  abHorhiug  Into  his  mind 
tbe  results  of  all  laborers  in  the  field  and  putting  into  tbem  new  youth.  "And 
we  call  a  thing  his  in  tbe  long  run  who  utters  It  clearest  and  best."  wrote 
Lowell,  and  he  could  not  have  better  expressed  It  bnd  he  known  Dana  and 
writtm  it  with  blm  In  mind. 

If  any  wbo  are  present  tonight  will  read  the  writings  of  Dana,  and  particu- 
larly those  that  appeared  In  tbe  American  Jonmal  of  Science  and  tbe  two- 
volume  report  of  the  Wilkes  Exploring  Expedition,  and  note  tbe  careful,  de- 
tailed manner  In  which  his  facts  are  iiresenled.  and  the  cnlndy  Judicial  metlHHl 
of  disposing  of  them,  1  can  but  feel  that  they  will  agree  with  me  In  consider- 
ing blm  tbe  master  mind  of  his  time.  It  needs  but  a  glance  at  his  bibliography 
to  show  us  his  mental  breadth.  I  will  quote  a  few  titles,  selected  almost  faai^ 
hasard,  by  way  of  Illustration: 

On  the  areas  of  subsidence  In  the  Padflc,  as  indicated  by  the  distribu- 
tion of  coral  islands.    1843. 

On  the  analoglea  between  the  modem  Igneous  rocka  and  tbe  so-called 
primary  formations,  and  tbe  metamorphlc  cbanges  produced  by  beat  la 
tbe  aswclated  sedimentary  strata.    1843. 

He  showed  In  tbls  second  paper  (1)  that  tbe  schistose  structure  of  gneiss 
and  mica  slates  Is  no  satisfactory  evidence  of  sedimentary  origin;  (2)  that 
some  granites  having  no  scblHtose  ntmcture  may  have  a  sedimentary  origin, 
and  (3)  that  the  beat-producing  nietamDri>lil!<in  was  not  applied  from  beneath, 
by  conductivity  from  some  Internal  source,  hut  through  the  heated  submarine 
voirantc  waterv  of  tbe  ocean.  In  otber  words,  the  rocka  were  not  bypogene,  as 
explabied  by  I^ell.  but  eplgene.  In  favor  of  <1)  he  showed  that  many  lavas 
had  an  original  laminated  structure;  that  when  crystals  of  any  mineral  form 
slmultaneausly  they  tend  to  assume  a  parallel  structure;  faces  of  like  cleavage 
lie  In  tbe  same  direction.  The  unegual  rectauitular  planes  of  fracture  In 
granitic  rocks  correspond,  therefore,  with  tbe  cleavages  of  the  contained  feld- 
spar. Though  written  In  1843 — more  than  sixty  years  ago — tlils  paper  may  be 
read  with  profll  by  the  student  of  petrology  today. 
V—Beil.  Obol.  floe.  Am.,  Vob.  34,  ISIS 
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Ou  tbe  urlgia  of  coDtlu»it)t.    184G. 

G^tloglcul  rt^ults  of  the  enrtb's  contriiotlon  in  coneequeDce  of  cooling. 
1M7. 

Origin  of  Krand  outline  features  of  the  earth.  1847. 
In  these  three  papers.  It  will  be  recalled,  he  announced  It  as  his  belief  tbat 
what  are  now  oceanic  arena  were  at  oue  time  the  more  Intensely  beated  por- 
tions of  the  eiirth's  I'ruRt.  and  hence  had  on  cooling  uiMlergone  the  fcreatest 
amount  of  contrai'Ilon  and  consequent  ilepresslou  ;  alao  that,  contrary  to  the 
views  of  the  Uogers  brothei-a.  the  Appalachian  uplift  could  be  accounted  for  by 
lateral  thniat  rather  than  through  a  force  acting  from  beneath.  Further,  that 
the  age  of  the  mountains  could  not  be  determined  by  the  direction  of  their 
trend.    These  papers  I  will  refer  to  again. 

I  history  of  North  Aaiericn. 

In  this  paper  be  called  attention  to  the  now  commonly  recognized  fact  that, 
so  far  as  the  American  continent  Is  concerned,  tbe  greatest  mountain  chains 
border  on  the  larger  oivnus,  and  that  vulcanlsm  Is  characteristic  of  these  bor- 
derlnit  cbaluK  iiud  oceanic  islands  mtlier  than  continental  Interiors;  and  still 
n^ain,  that  o<-eanlc  depression  and  continental  u[)llft  have  both  been  In  progress 
with  mutual  reaction  from  the  beglimlug  of  the  earth's  refrigeration.  Tbe 
original  V-shaped  character  of  the  North  American  continent  was  due  to  forces 
acting  from  the  two  oceans. 

On  some  results  of  the  earth's  contraction  from  cooling,  including  the 
origin  of  mountains  and  the  nature  of  tbe  earth's  interior.    1873. 

In  this  we  And  Dana  once  more  turning  to  the  subject  of  bts  papers  of  1847 
and  ISTiU.  and  here  Is  well  Illustrated  his  capacity  for  utilizing  the  work  of 
others.  Not  coutentluK  himself  with  mere  crltidsm,  he  pointed  out  limitations 
and  errors,  if  suc|i  e-ilslpd.  at  times  actually  strengthening  a  weak  argument 
and  luconxirntlng  tbe  whole  Into  his  own,  adding  to  It  new  material  to  still 
further  bridge  the  existing  chasms.  Adopting  In  part  tlie  views  of  Le  Conte. 
he  here  recoRiil^'e^l  the  existence  throughout  a  considerable  portion  of  geo- 
logical time  or  a  thin  stratum  of  il(]uld  matter  beneath  tbe  cmst  and  a  solid 
nucleus  whei'eby  oscillation  n-ould  be  rendered  possible.  He  summed  up  bis 
conclusions  as  follows: 

"(1)  In  mountaln-msbing  on  continental  borders  tbe  oceanic  crust  through 
Its  lower  i)ortioii  exercises  during  tbe  process  of  crystal  contraction  an  up- 
wai'd  thrust  against  the  borders  of  tbe  continent. 

"(2>  Among  mountain  elevations  there  are  those  which,  like  the  Alleghanlefl, 
are  the  result  of  one  pru<'esa  of  making,  or  are  miiiiogrnetic.  and  those  that  are 
a  final  result  of  two  or  more  processes  at  different  epocbs.  or  are  volygenetic." 

On  a  case  in  which  various  massive  crj'Ktalllne  rooks,  Including  soda- 
granite,  qu!irtz  diorite.  norite.  horiiblendlte.  pyroienlte,  and  different 
chrysolitlc  rocks  were  made  through  metamorpblc  agencies  in  one  meta- 
morjihlc  iirm-ess.     1881. 

On  the  decay  of  qnartsilte  and  the  formation  of  sand,  kaolin,  and  crys- 
tallized <iuartz.    1884. 
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On  Taconlc  rocka  nnd  Rtrntigniphy,  nitb  h  geological  map  or  tile  Tu- 
conlc  re^ton.    1889  and  1887. 

On  the  origlD  of  tbe  de^  trougbs  of  tbe  oceanic  depreHstoD,    Are  any 
of  volcanic  origin?    1889. 

In  this  last  pai)er  be  sbowed  that  tUeae  trongbs  could  not  l)e  due  to  under- 
mining by  extraction  of  volcanic  material  nor  to  eroslou  hy  oceanic  currentfi, 
nor.  again,  to  tbe  ordinary  lawn  of  Ixoxtacy  aa  we  now  underxtnnd  tbcm.  He 
felt  tbat  we  in-ant  look  to  deegier  lying  cnusex  for  tbeir  Kolutlon.  This  paper 
well  tlluBtrateft  a  ciiarncterlBtlc  volceil  by  tbe  si)eaker  wbo  hu«  prec'eded  me: 
"I  have  found  It  bent  to  be  always  afloat  In  regard  to  opinionn  In  geology." 

As  editor  of  the  American  Jounial  of  Science,  ii  iwsillon  wblch  be  occupied 
from  184fl  until  almost  tbe  day  of  bU  death,  Dana  naturally  bad  occasion  to 
review  either  himself  or  through  assistants  nearly  every  publication  on  geo- 
logical matters  which  api>eared  In  America,  with  Iticldental  reference  to  much 
that  was  foreign,  and  the  manner  In  which  thene  i>H]ters  were  handled  is  a 
Btrihtng  Illustration  of  bis  mastery  of  detail  and  breadth  of  view.  In  his 
original  papers — original  as  dlstlngulHbed  from  reviews — be  covered  a  range 
of  subjects  tbat  would  seem  almost  abnurd  In  one  of  tbe  present  day,  as  I 
have  already  Indicated— dynamic,  structural,  paleoatoloElc.  iietrograpblc — pa- 
pers dealing  with  the  minutest  structural  details  to  those  In  which  world 
history  Is  Involved.  Tbe  only  branch  which  he  let  alone,  even  Ignoring  It 
largely  In  reviews,  was  tbat  relating  to  tbe  origin  of  ore  deposits,  and  this,  I 
think,  may  be  accented  as  another  illustration  of  the  breadth  and  acumen  of 
the  tnaal 

In  reading  his  papers,  however,  one  must  bear  In  mind  tbe  condition  of 
knowledge  at  the  time  they  were  written.  TboKe  on  the  geologic  results  of 
the  earth's  contraction  and  the  grand  outline  features  of  tbe  earth  were  dan- 
gerously theoretical  and  the  snbjei't  one  to  delight  the  heort  of  the  old-time 
cosmogonlat.  Yet  though  he  wrote,  as  Ihiiley  would  soy,  "with  one  eye  on 
fact  and  the  other  on  Geneols."  ills  vision  never  became  confused  nor  bis  reason 
confounded.  He  saw  processes  and  effects,  conceived  certain  posslhilltles,  and 
reasoned  to  conclusions.  These  conclusions,  in  tbe  light  of  today,  may  not  In 
all  cases  be  correct,  hut  In  tbeir  time  they  appeared  Justifiable.  Other  men 
may  bave  made  more  striking  ohserviitloiiH.  [lerbaps  more  brilliant  discoveries, 
but  they  had  not  bis  breadth  and  staying  i)ower. 

Dana's  early  experience  was  undonhtedly  of  a  kind  best  suited  to  bringing 
out  tbe  latent  qualltlea  of  a  broad  nilnii.  It  will  be  remembered  tbat  In  18>t3. 
wttea  little  more  than  twenty  yean*  of  age.  he  became  an  Instnictor  In  matbe- 
matlcs  In  the  navy,  and  In  tbin  capacity  visited  the  Mediterranean  region  nnd 
made  tbe  condition  of  Vesuvius  the  subject  of  bis  first  geological  paper.  Again, 
from  1838  to  1842,  he  was  geoliigtst  and  mineralogist  to  the  Wilkes  Exploring 
Expedition,  and  as  such  made  the  long  trip  around  Cape  Horn  to  the  Islands 
or  the  South  Pacific  and  bock  across  tbe  continent.  That  he  utilized  to  ad- 
vantage the  oi^tortnnltles  thus  afforded  there  can  be  no  question. 

Passing  today  the  window  of  tbe  room  formerly  occupied  hy  blm  aa  a  study, 
I  looked  up  half  expectant  of  seeing  that  thla.  keen,  lutelleclual  face,  sur- 
mounted  by  itit  halo  of  snow-white  Iialr;  hut  It  Is  gone  for  all  time.  Tbe 
meraorj'  of  It  ahull  remain  bo  long  as  memory  Itself  remains.  Tbe  work  he 
tccompUshed  shall  remain  so  long  as  a  study  of  the  Ctmdamental  problems  of 
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luininn  pxltitmiv  Id  pumu^  In  our  universities  nnd  xo  long  as  a  knowledgp  of 
huiunri  ncldpveiuent  rciunlux  nu  eKsentlal  of  huiuau  culture. 

DAXA,  THE  ZQOLOQIBT 
BY  JOHR  11.  CIAKKE 

lu  nothing,  t  believe,  does  the  genius  of  this  extraordinaiy  and  maiir-fac«ted 
mind  Bhiue  more  brightly  than  In  its  arbleTemenIs  In  soology.  Profeaaor 
Dniiii  aii-ompllitlHHl  rexultH  In  this  xcieiice  In  bis  actually  brief  contact  with  11 
thnt  would  have  tniidp  a  large  han-est  for  the  life  work  of  any  special  studeut 
of  It.  IIIK  denllntn  with  the  ttcleuc?  were  In  a  sense  so  brief  bb  to  be  quite 
incidental ;  and  yet,  brief  and  iDcldeutal  though  they  may  have  be«i,  they  gave 
him  very  ixmitive  and  authoritative  standing  among  the  Boologlats  of  hia  day 
and  of  tiiix  day.  I'rofotsor  Dana  was  a  mineraloglBt  by  Inception,  a  geologlat 
III  fniltUin.  Zoology.  It  may  be  fairly  said,  was  thrust  on  bim.  It  was  again 
the  WllhcR  Riitedltlon  which  forced  the  development  of  his  Interest  Into  this 
piclence.  Jle  wan  detailed,  on  board  the  Peaeock.  as  mloeraloglat  of  the  espe- 
dttlnn.  Tiiere  was  no  ottier  man  In  llie  Beet  that  had  a.  like  function.  Titian 
Teale  was  "natunilist"  aboard  the  name  ship;  Pickering  and  Couthouy  were 
"naturalists"  aboard  the  Vinrennen;  Rich  and  Brackenrldge  were  botaatata 
It  would  seeui  as  nioufch  the  work  of  the  "naturalist"  were  well  provided  for. 
yet  to  tlie  mIneraloglHt  fell  the  lot  of  making  rather  the  most  distinguished 
]-<>"ord  of  all  thesr  naturalists  In  their  own  field. 

T)u>  altuatlou  and  Its  conclusions  are  after  all  not  difficult  to  understand. 
What  was  there  for  a  nilneratoglst  In  the  harlMrs  of  the  southern  continent  or 
anioug  tiie  ntiillH  and  volcanic  Islands  of  the  Sontii  Sea?  What  of  geohigj'  was 
there  for  a  mlnerHlc«lNt  ro  situated  In  the  ISSf^s?  Were  these  piacea  that 
riiuid  excite  the  ardor  of  a  mineralogist?  Tlte  mineralogist  of  the  expedition 
indeed  never  made  a  re|>ort.  There  was  a  report  of  serious  import  on  geology, 
which  was  concerned  largely  In  ttie  discussion  of  secular  changes  In  level  on 
rontlnental  coast  and  island  outline.  But  all  through  his  narratives,  both  on 
gi'ology  and  zoology,  we  can  see  writ  large  the  Intense,  almoat  traylsh  enthu- 
siasm with  which  he  cruised;  and  waded  aniong  the  coral  reefs  and  atolls, 
sounding,  dredging,  gathering  their  brilliant  and  eternally  variant  life  foruia  ; 
and  here.  too.  we  may  see  clearly  thnt  the  mineralogist  waa  working  with  two 
sciences,  each  of  which  was  collateral  to  the  other,  and  It  would  be  impoaaible 
to  say  nbetlter  his  n>ologlcal  studies  then  were  not  quite  as  eaaentlal  to  bis 
geoioglcnl  conclusions  as  were  his  geological  determinations  to  his  Eoologj'.  At 
all  events  the  older  naturalists  of  this  expedition,  as  well  as  the  commander. 
reallKcd  that  titese  studies  had  made  Mr.  Dana  the  man  to  undertake  not  only 
the  rejiorl  on  the  geology  of  the  exi)edlt1on.  but  the  iq>eclal  reports  on  the 
zoo|ihytps  anil  the  Crustacea.  Ten  years  and  more  were  given  to  the  prejiarn- 
tlon  of  tlipse  great  regiorts.  and  1  wonder  If  the  Eoologlats  of  today  realise  that 
Dana  published,  hiti-r  «U«.  In  these  suniiituous  and  rare  volumes  descriptions 
of  over  200  Bitw-ips  of  AnlhoToa  and  fiSO  cpecles  of  Crustacea.  In  1855.  when 
the  last  of  these  reiiorts  had  atipenred — the  Crustacea — ^Dana  stood  as  the 
world's  leading  antliorlty  on  these  two  divisions  of  the  animal  kingdmn.  As 
ever  nnd  In  all  tlilugs  scientific,  be  bad  attained  not  merely  excellence  but 
Bur>remacy. 

?low  I  take  it  as  an  extraordluary  fact  that,  tbeae  grest  aadertaklngs 
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being  BccotupliRbed.  only  tbe  e<.-ho«t  of  tbeui  reiiiiiliiMl  tlirouRb  IiIk  Inter  earcer. 
Predefltlnetl  Ha  a  fceoIoKlHt,  It  speiiia  thnt  nil  Itls  vnHouti  deiwrtiireH  Into  otber 
nrleni-w  were  to  harvest  out  their  bearlnRs  ou  Ills  liiten'retation  of  the  ^iiHIi. 
To  tb«  pblloraphloHl  acpectB  of  hU  zooIoRy  he  did  ret-ur—to  hlH  (■oiii^iitloii  of 
ivphalisatlon  as  a  (tuldlng  factor  In  evolution— Iodk  l>efore  be  n(Tei)ted  the 
proleKomenu  of  natural  Helw.'tloii,  mid  hIpo  to  biH  zoo|)bylea  na  contrlhutloiia  to 
his  views  (Ml  coml-laland  jtrowth.  JM  ub  look,  for  n  Kiiiii|ile  year,  to  lWi:l.  when 
bin  faBclnatlnB  t)ook  on  "Cornl  Iteefa  and  IhIiiikIh*'  cauie  out.  a  iMMtk  tn  iiii|ieur 
In  two  aubsequent  edltlonx,  under  tbe  better  known  title  of  "Chorals  and  Coral 
iHlRDda,"  In  (vhlrb  a  picture  baa  been  puintetl  of  tlte»e  labmdB  Mitit  Ih  eiiimled 
Is  sentiment  only  by  CbaniiBao.  niid  In  atience  iierliaiia  not  at  all.  In  thla 
renr  ProfeFaor  Dana  publlBbed  bealden  bin  (^ral  Iiilnuda  i)a|ierH  ou  chanKeK  of 
lerel  In  the  Pacific;  the  effect  of  teiniieruture  on  tbe  vertical  dlftrlbutlon  of 
niarlne  qiecle*) ;  m I nera logical  noticeti :  the  lFonion>hltiiu  of  H|i)iene  and  eiiclaae : 
an  imthernial  oceanic  chart;  consolidation  of  coral  fonuallona:  a  aupiioiipil 
rti.inpre  lu  ocean  teini^rature.  X'p  to  IStHl  be  publlahwl  a  little  eii<li  year. 
cblefly  ou  the  pblloaopblcal  lines  of  Kooloxy;  on  chiBalflratloii,  iMrtbenoKeiiexls, 
rephallzatlon,  homologies,  and  parallel  development:  on  nnin'n  zoological  place. 
and  even  on  tbe  origin  of  life ;  and  tben  bla  vei-xatlle  mtud  Heeiua  to  have  Im<- 
rome  fo  entirely  Impregnated  with  biB  llfe'a  cblef  puniofe  ibat  he  excluded 
OTTcanlc  problema,  i>erbap8  not  from  bla  tbouglitN.  but  at  leant  from  bla  i«|)ecbil 
treatlaea.  and  never  BKaIn  for  nearly  tblrty  yenrft.  until  1804.  tbe  year  l>efore 
hl»  death,  did  be  recur  to  tbla  aubject.  and  the  laul  of  bis  long  list  of  sclentlllc 
papers  was  on  tbe  derivation  and  homoloRlea  of  some  Hrllculatm. 

Anotber  fact  In  this  dlstlngulabed  record,  of  singular  and  ratlier  estraorOi- 
nary  meanlnf;.  Is  tbat  notwitbstandlng  I'roteaaor  Dana'a  Intimate  concern  wltb 
Iwth  the  living  and  the  dead  earth,  be  i*rmltted  this  strong  combination  to 
lead  hitu  but  a  very  abort  distance  inio  tbe  bywaya  of  |ialeontolog.v.  lie  did 
Indeed  describe  some  Paleozoic  corala  and  some  Australian  Tertiary  sliells.  but 
tbis  quite  Imiiasslvely,  and  (he  dynaniica  of  life  seemed  to  (-oiiiern  him  vastly 
more  than  Its  hiBtorj-.  It  would  be  biatorically  Interesting  to  know  tbe  reawina 
for  ifals  avoidance  of  what  would  seem  tbe  most  natural  path  to  take  for  a 
man  armored  as  he  waa.  I  am  not  aware  that  tbe  ijuestlon  haa  lieen  aiimveied 
or  ev«i  asked.  One  might,  however,  gnesa  that  tbe  Invitation  Into  the  imleon- 
tologlcal  tboroughfiire  tn  tbla  conntr>'  during  bis  creative  yearc  was  not  coni- 
pelllng  to  a  man  of  bis  ideals.  At  all  events  and  when  nil  la  anld.  it  Is  entirely 
obriouH  that  by  Professor  Dana  bis  ext'eptlomil  and  nbllosopblf  ac<|ualntnn<-f 
with  zoology  was  held  to  be  tbe  handainlden  of  his  cboaen  hcIcikh'  of  seologj-. 


Session  of  Monday,  nBCEMBKR  30 

The  Society  coiiven€<l  at  9.45  o'clock  a,  in.  in  jjoncra)  session,  President 
H,  L.  Pairehild  in  the  chair.  The  following  report  was  presenteil  bv  the 
Auditing  Committee: 

BEPOBT  OF  AUDITING  COMMITTEE    ■ 

The  Auditing  Committee  report  that  they  have  checked  the  receipts  as 
shown  by  the  Treasurer'B  printed  report  with  the  original  item  of  entry, 
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and  found  them  correct.  They  have  compared  the  vouchers  of  expendi- 
ture with  the  canceled  checks  and  with  the  reported  expenditures;  alsa 
the  balance  on  hand  December  2,  1913,  with  the  balanced  bank  bonk. 
and  found  the  same  correct.  They  have  directed  WTiitman  Cross,  a 
memlwr  of  the  committee,  to  visit  Baltimore,  examine  the  securities  in 
the  hands  of  the  Treasurer,  and  to  report  to  the  President  and  to  the 
Secretary  of  the  Society  the  reaiilt  of  said  examination. 

By  vote  this  report  was  accepted  and  the  Council  report  was  taken 
from  the  table,  accepted,  and  ordered  printe<l  in  full  iu  the  Procenlingif. 

TITLKH  OF   I'Al'KIW  I'ltKHKNTKn  IN  UESF.HAL  HIiSSION   ASIJ  NAMHS  OF 
DIBPHTAN-TS 

The  Society  then  pnK'eeiled  to  the  conBideration  of  the  scientific  papers 
in  the  general  session. 

eiPEcri.ATirE  xatvhk  of  OBOLoar 


Presented  in  full  without  notes.     Discussed  by  A,   \V.   Grabau  and 
H.  Ij.  Fairehild,  with  reply  hy  the  author. 

ItKARIXa  OF  RECEXT  VI.IUATIC  I.WEnriOATIOXS  O.V  QEOLOaiCAL  THEORIES 
at    BIAS  WORTH    HONTINOTON 

Presented  in  full  without  notes.    Illustrated  with  lantern  slides.    Pis- 
cussed  by  A.  C.  I-ane,  W.  Cross,  and  W.  \.  Rice,  with  reply  hy  the  author. 


The  following  two  papers  were  given  together: 


rOHT-JT'HAHSIC  HISTORY  OF  THE 

BY  JOSEPH    BABRBLL 

Presented  In  abstract  without  notes.  Illustrated  with  lantern  slides- 
Discussed  by  Frank  I,everett.  D.  W.  Johnnon,  W.  M.  Davis,  M.  It.  Canip- 
liell,  and  X.  H.  Darton,  with  reply  hy  the  author. 

The  general  session  adjourned  at  12.30  o'clock  p.  m. 

TITI.IW  OK  P,\PKRS  l-riKSKNTED  BEFOHK  THE  FUIST  SECTION  AND  NAMKS  OF 
DISPI'TANTS 

The  first  section  convened  at  2.40  o'clock  p.  m..  with  President  Fair- 
child  in  the  chair  and  L.  G.  Westgate  acting  as  section  secretary.  The 
following  papers  were  offered : 
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RBCBST  CUANOEa  IX   THE  ASULKAN   aLACIEH 
BY  HEINRICH  BIES 

Presented  in  abstract  without  notes.     Illustrated  with  laatem  slides. 

BVIDBUCB  OF  VfiKl'  BAHLY  ULACIATIOX  /.V   OHIO 
BY   GEO.   D.   HUBBABD' 

Presented  in  abstract  without  notes. 

TBB  BBQINMNOS  OF  LAKE  AUA8H1Z 
BY    F&ANK    LEVEBGTT 

Presented  in  full  without  notes.  Discussed  by  J.  B.  Woodworth,  H.  L. 
Fairehild,  H.  P.  Reid,  and  A.  P.  Coleman;  reply  by  the  author. 

REMARKABLE  DEFORUATIOH   OF   THE   ALGONQUIN   BEACH 
BY    FRAnK    LEVEBinT 

Presented  in  full  without  notes.  Discussed  by  H.  L.  Fairehild,  A.  P. 
Coleman,  J.  B.  Woodworth,  J.  W.  Spencer,  and  J.  W,  Goldthwait;  reply 
by  the  author. 

TBS  FLBIBTOCENE  8UCCES8I0.\  IS   WIBCOSBIX 
BY  SAMUEL    WEIDUAN 

Presented  in  abstract  by  Frank  Leverett,  in  the  absence  of  llic  iinllior. 
on  account  of  its  bearing  on  the  following  paper. 

THE  lOWAN  DRIFT 


Presented  in  abstract  without  notes.     Discussed  by  J,  \V.  Woodworth 
and  A.  P.  Coleman,  with  reply  by  the  author. 

PRBWIBCOXBIN  OLACIAL  DRIFT  IS  THE  REGION  OP  OLAVIER  PARK, 


Presented  by  title  in  the  absence  of  the  authors. 

CANFON  AND  DELTA  OF  THE  COPPER  RIVER  IS  ALASKA 
BY    IJIWBBNCE    MARTIN 

Presented  by  title  in  the  absence  of  the  author. 
<  rntroduced  bj  G.  F.  Wrigbt. 
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COSTRAIMPOaBD  SBORELIXES 


Preeented  in  abstract   from  notes.     lllu£trat«d  with   lantern   slides. 
Diseussed  bv  D.  \V.  Johnson. 


BY   IKIl'ULAe  W.  JOHHSOtt 

Presented  in  full  without  notes.     DiscuBEed  by  J.  W.  Spencer, 

PEAT  DEPOSIT  OF  aEOLOOJCAt  tXTEHEHT  XEAR  .VjBIT  HAVES,  COSSBCTJCIT 

Presented  by  title  in  the  absence  of  the  author. 

EARLY  PALEOZOIC  PlnSIOUEAPUY  OP  THE  BOl'THERS  ADIROXDACKB 


Read  in  al>stract  from  manuscript. 


BV    F.    E.    UATTHES* 

presented  by  title  in  the  absence  of  the  author. 


Presented  by  title  in  the  absence  of  the  author. 

The  secuiid  section  having  fiiuBlied  on  Saturday  the  papers  on  its  pro- 
{fram,  merged  on  Monday  with  tlio  meeting  of  the  Paleontological  Society. 

TITLES  (IF  I'Al'HRS  PRt^SKXTED  BEFORK  TliK  THIRD  SECTION  AND  NAUK8  OF 
DISPL'TAKTS 

The  thini  section  met  at  2.35  o'clock,  with  Vice-President  I.  ('.  White 
in  the  chair  and  E.  0.  Hovey  serving  as  Secretary. 
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TITLES  OF  PAPERS  PBESBKTED 

MICROSTRVCTCRB  OF  TITASIFEROUB  >IAO\ETITES 

BT  JOSEPH  T.  StKOEWALD.  JB. 

Bead  in  full  from  manuscript. 


BV   ALraCU  C.   LANB 

Read  in  full  from  raanuecript.     DiecusBed  by  Q.  P.  Merrill  and  E.  S. 
Bastin. 

JIEW  CLASSIFICATIOS  OF  XATVRAi,  WATER 
BY  CHASE   PAI^EB' 

Read  in  full  from  manuacript.     Piscussed  by  A,  C.  Lane  aud  W.  H. 
EmmonB. 


Read  in  full  from  manuscript.    Piscueacd  by  J.  D,  Irving. 

H.  B.  Patton  took  the  chair  by  invitation  of  V ice- Preai dent  White,  and 

XOTE  OS  A  VERY  DEEP  BORIXO  FROU  XRAR  Hf  DOSALD,  FBWSYt.VAXIA 


was  presented  in  full  without  notes.     Discuseinn  by  J.  F.  Kemp,  A.  C. 
Lane,  and  F.  R.  Van  Horn,  with  reply  by  the  author. 


Presented  in  abstract  without  not(«.     DiscusBod  by  J.  F.  Kemp  and 
F.  W.  De  Wolff,  with  reply  by  tho  author. 

Vice-President  White  resumed  the  chair. 

lyADBQVACr  OF  TUB  SAPROPELIC  HYPOTHESIS  OF  THE  ORiai\   OF  COAL 
BV    EDWABD  C.  IZVYKCX  ' 

Presented  in  abstract  without  notes.     Illustrat«d  with  lantern  slides. 
Discussion  was  pOBtponed  to  the  session  of  Tuesday  afternoon. 

■  Introduced  br  Itarld  Whit«. 
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The  Bectiou  adjourned  at  about  5,40  o'clock. 
ANNUAL  DINNER 

The  HDQua)  dioDcr  of  the  Society  was  held  at  the  Hotel  Taft,  about 
one  huudred  and  thirty  persons  participating.  James  F.  Kemp  acted  as 
chairman  and  toastmaster. 


Session  of  Tuesday,  December  31 

The  general  Bession  of  the  Society  was  called  to  order  at  9.40  o'clock 
by  President  Fairchild,  who,  after  some  announcements  had  been  made 
by  the  Secretary,  called  for  the  reading  of  scientific  papers. 


BV  ABTHUB  L.   DAY 

Presented  in  abstract  without  notes.  Illustrated  with  lantern  elides 
and  specimens.  Discussed  by  A.  C,  Lane,  W.  M.  Davis,  R.  A.  Daly, 
E.  Howe,  and  J,  P.  Iddings,  with  reply  by  the  author. 

OBOLOaiC  8ECT10X  OF  THE  PAXAUA  CASAL  ZOXE 
BT  DORALD  F.  UAC  DONALD  ' 

Presented  in  abstract  without  notes.  Illustrated  with  lantern  slides. 
Discussed  by  J.  F.  Kemp  and  Ernest  Howe. 

OBOLOaiCiL  LIOHT  FROM  THE  CATSKILL  AQVBDVCT 


Presented  in  abstract  without  notes.     Illustrated  with  lantern  slides. 
Discussed  by  J.  W,  Spencer, 

A  CLASBIFICATIOS  OF  HARI.VE  DEPOSITS 


Presented  in  abstract  without  notes.     Illustrated  with  diagrams.    Dis- 
cussed by  A.  C.  Lane  and  Joseph  Barrell. 


Presented   in  al)stract   from  notes.     Discussed  by  0.   H,   Chadwick. 
D.  W.  Johnson,  F.  Leverett,  and  W.  M.  Davis. 

■  Introduced  bjr  Jam««  V.  Kemp. 


Digitized  bvGoOgIc 


TITLBi  OF   PAPERS   PRESBNTED  tO 

VOTE  OP  THANKS 

Most  cordial  votcB  of  thanks  were  passed  to  Yale  Univereity  for  the 
accommodations  provided  for  the  meeting ;  to  the  local  committee  of  the 
Society  for  the  thorough  manner  in  which  the  details  of  preparation  for 
the  sessions  had  been  attended  to,  and  to  the  local  Fellows  for  the  de- 
lightful hospitality  extended  to  the  visitors. 

The  general  session  adjourned  at  12.40  o'clock  p.  m. 

TITLES  OF  PAPBR8  PKK8BNTKI)  BKFOHH  TIIK  COMBINED  BECTION8  AND 
NAMES   OF    DISPUTANTS 

The  Society  reconvened  at  1.45  p.  m.  to  consider  the  papers  which  had 
i>wa  passed  over  at  previous  sessions  and  to  complete  the  reading  of 
nihers.  President  Fairchild  occupied  the  chair.  Discussion  of  the  paper 
bv  E.  C.  Jeffrey  on  the  "Sapropelic  Hypotheeis  of  the  Origin  of  Cbal" 
was  called  for.  There  being  no  response,  the  President  proceeded  with 
the  program,' 

SiTVRB  OF  TUB  SVBBTA.VCB  K.VOI 
RELATIOX  TO   TUB  PROCE 

BY  EDWABP  C.  JEFFBEY  ' 

Presented  by  title  in  the  absence  of  the  author. 


Presented  by  title  in  the  absence  of  the  author. 

■.OaiCAL  A.Vfl  OEOORA 
REPUBLIC  OF  eOVTH 

BY   VEBNON    P.    MAnaTEItS 

Presented  by  title  in  the  absence  of  the  author. 

ORiaiS  OF  THE  HARD  ROCK  PH0BPUATE8  OP  FLORfDA- 


Presented  by  title  in  the  absence  of  the  author. 

'Tbt  p«pera  whlcb  were  pasBed  DT«r  it  t\w  flnit  call  aod  doI  read  i 
lurr  btm  entered  "b;  title"  In  tbeli  original  poeltloD  Id  (be  prasram. 
'  IntrodDced  by  DaTid  While. 
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PBOCEEDINOS  OP  THE  NEW  HAVEN  MEETING 


Presented  by  title  in  the  absence  of  the  author. 

NEW  LIGHT  ON  THE  KSWEESAWAN  FAULT 

Presented  in  abstract  without  notes.  Illustrated  with  lantern  slides. 
DiHcuBsed  by  J.  B.  Woodworth  and  E.  Blackwelder,  with  reply  by  the 
author. 

THE  QRBAT  LAKE  BASINS  I 

BY  J.  W, 

Presented  in  abstract  without  notes. 


BY  A.  W.  OKABAU 

Presented  in  full  without  notes.     Discussed  by  J.  W.  Spencer. 

KOOT«  IN  THE  VKDERCLAYS  OF  COAL 
BV   DAVID   WHITE 

Presented  in  abstract  without  notes.  Discussed  by  J,  B.  Woodworth, 
I.  C.  White,  D.  F.  MacDonald,  and  D.  W.  Johnson,  with  reply  by  the 
author. 

OBJECTS  AND   METHODS  OF  FETROOKAPHIC  DEBCRIPTIOS 
BY  CHARLCS   P.   BEBRKY 

Bead  in  full  from  manuscript.  Discussed  by  A,  C.  Lane,  J.  P.  Id- 
dings,  and  W.  Cross, 


The  Society  adjourned  sine  die  at  3.30  o'clock  p.  m. 
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FKLLOWS 

Frank  D.  Adams 
Wallace  W.  At  wood 
Joseph  Barkell 
Geohoe  H,  Barton- 
Florence  Bascom 
Ray  SuiTii  Bassler 
William  S.  Bayley 
Charles  P.  Berket 
Saudel  W.  Beyer 
£l[ot  Blackweldek 
R.  W.  Brock 
Charles  Wilson  Brown 
Fbed  Harvey  Hall  Calhoun 
Uarius  R.  Campbell 
EhiMiNE  C.  Case 
William  Bullock  Clark 
Herduan  F,  Cleland 
Georoe  Halcott  Chadwick 
Arthur  P.  Coleman 
Whitman  Cross 
Henry  P.  Cubhimq 
Beoinald  a.  Daly 
Xelson  H.  Darton 
William  H.  Da'vis 
Arthur  Louis  Day 
Frank  Wilbridoe  DeWolp 
Richard  E.  Dodge 
Charles  R.  Eastman 
Herman  L.  Fairchild 
Clarence  Norman  Fenner 
Casbius  Asa  Fisher 
ArousT  F.  Fobrste 
James  Walter  Goldthwait 
Amadevb  W.  Gp-abau 
Walter  Granger 
Herbert  E.  Gregory 
Baird  Halberstadt 
Richard  R.  Hice 


Edmund  Otis  Hovet 
Ernest  Howe 
Ellsworth  Huntington 
Joseph  P.  Iddinos 
Robert  T.  Jackson 
Douglas  Wilson  Johnson 
Qeoroe  Frederick  Kay 
James  F.  Kehp 
Edward  M.  Kindle 
Frank  H.  Knowlton 
Henry  B.  KCmmel 
Alfred  C,  Lane 
Frank  Leterett 
Joseph  Volney  Lewis 
Frederick  Brewster  Loomis 
Albert  P,  Low 
Richard  Swann  Lull 
George  Rogers  Uanseield 
Edward  B.  Mathews 
W.  D.  Matthew 
Walter  C.  Mendenhall 
Georoe  P.  Merrill 
Arthur  M.  Miller 
Benjamin  L.  Milleh 
WiLLET  G.  Miller  ' 
William  John  Miller 
Elwood  S.  Moore 
Ida  Helen  Ogilvie 
Sidney  Paige 
William  A.  Parks 
Horace  B,  Patton 
Frederick  B.  Peck 
Richard  A,  F.  Penrose 
George  H.  Perkins 
Olap  AuonsT  Peterson 
Louis  V.  Pirbbon 
Joseph  Hyde  Pratt 
Albert  Homer  Purdue 
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Frederick:  Leslie  Ranboue 
Pbbcy  Edward  Raymond 
Harby  Fielding  Reid 
William  North  Rice 
Heinhich  Rieb 
Rudolph  Ruedehann 
Charles  Schuchert 
William  B.  Scott 
Elus  H.  Sellards 

HeRVEY  WoODBCRN  SlIlMER 

William  John  Sinclair 
Joseph  T.  Sinoewald 
GuoRNE  A.  Smith 
Oeoroe  Otis  Smith 
J.  W,  Spencer 
Timothy  William  Stanton 


John  J,  Stevenson 
Edward  0.  Ulrich 
Frank  Robertson  Van  Horn 
Gilbert  van  Inoen 
Arthur  Clifford  Veatcu 
Thomas  L.  Walker 
Waltrr  Harvey  Weed 
Lewis  G.  Westqate 
Hbnbt  S.  Washington 
David  White 
Israel  C.  White 
George  R.  Wieland 
Henry  S,  Williams 
John  E.  Wolff 
Jay  B.  Wood  worth 
Frederic  E.  Wright 


fellow  belbct 
Charles  Butts  '  William  Harvey  Emmons 

De  Lorme  D.  Cairnes 
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MEMBERSHli;  ]91S 
CORJtBBPOXDES  TS 

Chabus  Babbois,  Lille.  France.    December,  19W. 

W.  C.  BBiioaEB,  CbrlHtlanla.  Nomn]:-    I>eceiuber.  ltMi9. 

GiovAHni  Capbluri.  Bol<«na.  Italy.    December.  1910. 

Hbkmann  Cbednbr,  Leipeig,  Uenuatif.    December.  1012. 

Baron  Oebkabd  De  Oeeb,  Stoclcbolni.  Swedeu.    December,  1910. 

SiB  ABCHiBAt4>  Gbikib,  HaBslemere,  England.    December,  1900. 

Albebt  Heiii,  Ztlrlcb,  Switzerland.    December,  1000. 

EuAHUEL  Katseb,  Marburg,  Germany.    December,  1900. 

W.  KiUAiT.  Grenoble,  France.     December.  1912. 

H.  RoSKRBuacH,  Heidelberg.  Germany.     December,  1910. 

Bduabd  Butae,  Vienna,  Anstrla.    December,  1900. 

J.  J.  H.  Teall.,  London.  EnKland.    December,  1012. 

EuiL  TlETZE,  Vienna,  Austria.    December,  1010. 

Th.  TacHEBNYSCHEW,  St.  Peteraburg,  nuasla.    December,  1910. 

fELLOWa 

'Indicates  Original  Fellow  (see  article  III  of  GonBtltutlon) 

Cleveland  Abbe.  Jb..  U.  S.  Weatber  Bnreiiu,  WBHtilngton,  D.  C.    August,  1899. 

Fbark  Dawbom  Adaub,  McGlll  University,  Montreal,  Canada.    Dec.,  1880. 

Geobob  I.  Adams.  Pel  Yang  UnlTerslty.  Tientsin.  China.    December,  1002. 

Jo8£  OuADALUiv  Aauii.BRA,  Inatitulo  Geologico,  Mexico,  Mexico.    Aug..  ISOG. 

William  Clinton  Aldbk,  U.  S.  Geologk'nl  Survey,  Washington,  D.  C.  De- 
cember, 1908. 

Tbuuan  H.  AiJtBicH,  Birmli^haD),  Ala.    May,  1889. 

R.  C.  Allen,  State  Geologiat.  Lansing,  MIcb.    December,  1011. 

Henbt  M.  Ami.  Geological  and  Natural  Hlatory  Survey  of  Canada,  Ottawa, 
Canada.    December,  1889. 

Frank  M.  Asdebson,  State  Mining  Bureau,  2604  JEtna  St,  Berkeley,  Gal. 
June,  1002. 

ROBEBT  Van  Vleck  Andebson,  U.  S.  Geological  Survey.  Washington,  D.  C 
December.  1911. 

Philip  Aboall,  Flt«t  National  Bank  Building,  Denver.  Colo.    August,  1806. 

Ralph  Abrold.  923  Union  Oil  Building.  Los  Angeles,  Cal.    December.  1904. 

Obobsb  Hall  Abhixy,  Capitol  Annex,  Nashville,  Tenn.    August,  1886. 

Wallace  Waltbb  Atwood,  University  of  Chicago.  Chicago.  III.    Dec.,  1000. 

RuFUS  Matre*  Baoo,  Jb..  Lawrence  College,  Appietun.  Wis.    December.  1886. 

Habby  Posteb  Bain,  867  Howard  St.  San  Frauclaco.  Cnl.    December.  1805. 

Manlet  Benson  Bakeb.  School  of  Mining,  Kingston,  Ontario.    Dec.,  1011. 

S.  PBERTtsB  Baldwin.  3930  Prospect  Ave..  Cleveland,  Ohio.    August,  180C. 

Sydney  H.  Ball;  71  Broadway.  New  York  City.    December,  1005. 

Ebwin  Hinckley  Babboub.  University  of  Nebraska,  Lincoln,  Neb.    Dec..  1S96. 

Alpkbd  Ebnest  Bablow,  328  Roslyn  Ave..  Westniont,  Montreal.  Canada.  I>e~ 
cember.  1906. 

Joseph  Babbell.  Yale  University,  New  Haven.  Coun.    December,  1002. 
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OEcnas  H.  Babton,  BoBton  Society  of  Natural  Hiatory,  Boston,  Mass.     Au- 
Bost,  1890. 

Plokknci  Bascou,  Bryn  Mawr  Oollege,  B1711  Mawr,  Fa.    Auguet,  1894. 

fUr  Smith  Bassleb,  V.  8.  National  Museum,  Waehli^on,  D.  C.    Dec..  ]90a 

ElDsoK  Sdrdeblaud  Babtin.  U.  S.  Geological  Surrey,  Waablngton,  D.  C.    De- 
cember, 1909. 

WnuAK  8.  BAYUtT,  DnlverBlty  of  IIUdoU,  Urbana,  111.    December,  1888. 

■OiDMoE  F.  Bkckeb,  it.  S.  Geological  Survey,  Washlugtou,  D.  C. 

Joshua  W.  Beciw,  Indiana  University.  Bloomlngton,  Ind.    December,  1902. 

SoB^rr  Bell,  Geological  Survey.  Department  of  Mines,  Ottawa.  Oanada.   Hay, 
1888. 

Cbaklks  p.  Bekket,  Columbia  Unlvenity,  New  York,  N.  ¥.    Angust,  1901. 
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Albebt  S.  Bicsmobe,  64th  St.  and  Central  Park  West.  New  York,  N.  Y.    De- 
cember, 1889. 

EuoT  Blackweldbb,  University  of  Wisconsin,  Mudlson,  Win.    Dea,  1908. 

JOHH  M.  BODTWBU,  1323  De  la  Vine  St.,  Santa  Barbara,  Cal.     Dec.,  1905. 

JoBif  Adamb  Bownockeh,  Ohio  State  University,  Columbus,  Ohio.     Dec..  1004. 
*JoHH'  C.  Bbanh^  Leland  Stajaford,  Jr.,  University,  Stanford  University,  Cal, 

Edwut  Bateb  Bbakboit,  University  of  Missouri,  Columbia,  Mo.    Dec.,  1911. 

Albebt  Pbbbt  Bbiobam,  Colgate  University,  Hamilton,  N.  Y.    December,  1893. 

REaiifAUi  W.  Bbock,  Qeologlcal  Survey,  Department  of  Mines,  Ottawa,  Can- 
ada.   December,  1001. 

ALiBEn  Huibb  Bbooeb,  U.  S.  (feologlcfll  Survey,  Waablngton,  D.  C.    Aug.,  1899. 

Auos  P.  Bbowit,  Untvuvity  of  Pennsylvania,  Pblladelpbla,  Pa.    Dec,  IOCS. 

Babhum  Bbowh,  American  Museum  of  Natural  History,  New  York,  N.  Y.    De- 
cember, 1910. 

Chableb  Wilson  Bbowh,  Brown  University,  Providence.  R.  I.    Dec.,  1908. 

Hehbt  Aitdbew  Buebizb,  Roila,  Mo.    December,  1900. 

Best  8.  Butleb,  U.  8.  Qeologlcal  Survey.  Washington,  D.  C.    December,  1912. 

G.  HoKTAOUE  Btttixb,  School  of  Mines,  Golden,  Colo.    December,  1911. 

Chabus  Bcrra,  U.  8.  Geological  Survey,  Washington,  D.  C.    December,  1912. 

De  Ix»mb  DoifALoeon  Caibkks,  Geoi<«lciil  Survey  Branch.  Department  of 
Mines,  Ottawa,  Canada.    December,  1912. 

Fbbd  Habvet  Hall  Calbouk,  Clemson  College,  S.  C.    December,  1909. 

William  Robebt  Calvxst,  U.  S.  Geological  Survey,  Washington,  D.  C.    De- 
cember, 1912. 

Hsmr  DoRALB  Campbell,  Washington  and  Lee  Univeratty,  Lexington,  Va. 
Hay,  1889. 

Mabius  R.  Campbell,  U.  S.  Geological  Survey,  Wasbington,  D.  C.    Ang,,  1892. 

SrcPHKET  Reid  Gatpb,  Jb.,  U.  8.  Geological  Survey,  Washington,  D.  C    Dec, 
1911. 

Fbahx  Cabmey,  University  of  Michigan,  Ann  Arbor,  MIcb.    December,  1908> 

EkMiHB  C.  Case,  University  of  Michigan,  Ann  Arbor,  Mich.    December,  1901. 

Geoboe  Halcott  Chadwick,  St  Lawrence  UnlrerHlty,  Canton,  N.  Y.    De<«m- 

ber.  1911. 
*T.  C.  Chambebutt,  University  of  Chicago,  Chicago.  III. 
VI— Bdu.  Qeol.  loc.  Ah.,  Vol.  24,  1013 
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Clabehce  Rayuond  Claobobn,  Tncoma,  WaBb.    August,  1881. 
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John  Mabom  I'labke,  Albniiy.  N.  Y.    December.  189T. 

Hebduan  F.  Cleland.  WUIlamH  CulleKe.  Wllliamxtown,  MaBB.    Dec..  1905. 

J.  MosoAH  Clements,  Kooni  1707,  42  BroadwH.v.  New  York  City.     Dec..  18W. 

C01J.IBB  Cobb.  ITiilvemlty  of  North  Cnrolltm.  rba|>el  Hill,  N.  C.    Deo.,  J894. 

Arthub  p.  Coleman.  TXHWiito  Unlveiiiit.v.  Toronto,  CiiuadH.    December,  189C. 

<!eorqe  L.  C01.LIE.  Belolt  Colleite,  BPloit.  Wis.     Dei-eiiiber.  1897. 

Arthur  J.  Colijeb.  V.  S.  (ieolvglnil  Survey.  WasbliiKton,  D.  C.    June,  1902. 
■Theodobe  B.  Coustock,  827  Beacon  St.  Lob  Angelea.  Cal. 

BuoENE  CosTE,  194.1  lltb  St,  West,  Calgarj-,  Alberta,  Canada.    Dec..  1906. 

AUA  RoBiNHON  Cbook,  State  Miiseuui  of  Natural  History,  Springfield,  III. 
December.  1898. 
*Wiu.iAU  O.  Cbosbv,  .MnRwicbiu'ettf  Inntltule  of  TecLiioloKy,  Boston,  Mas?. 

Whitman  Cboss.  1'.  S.  Oeolcwlcnl  Survey,  Wanliliigton.  D.  C.    May.  1889. 

Cabby  E.  Culveb,  1104  Wlnconsln  St.  Stevens  Point  Win,    December.  ISfll. 

KtNtAB  11.  <'ruiNas,  Indlnun  University.  Hloomlngton.  Ind.    August,  1001. 
"Henry  P.  CiiflHiN<i.  Adelbert  College.  Cleveland;  Ohio. 

Keoinai.d  a.  I>aly.  Iliirvai'd  Ilnlverstty.  Cambridge.  Maes.     December,  190S. 

EnwAan  Salibbubt  Datis,  Tale  University.  New  Haven,  Conn.    Dec,  1906. 
•Xeibon  H.  Dabton,  n,  S.  Bureau  of  Mlnef.  Washington,  D.  C. 

Charixs  AiJtEBT  Davis,  U.  S.  Bureau  of  Mines,  Washington,  D.  C.    Dec..  IfllO. 
*WiLi,iAi«  M.  Davis.  Harvard  University,  Cambridge.  Masa. 

Arthiir  I»uia  Day,  (ieojiliyslcal  IiaborHtory,  Caniegle  TuBtltutlon,  Washing- 
ton, D.  C.    l)eceinl>er.  IftftD. 

David  T.  Day.  1'.  S.  (ieoloRlcal  Suney,  Washington.  D.  C.    August  1891. 

Basiifobd  Dean.  Columbia  I'nlverslty,  New  York.  N.  T.    December,  1810. 

Obville  a.  Derby,  Serv.  Geol.  &  Mineral.  d'Brazll.  Praia  Vermillla,  Rio  de 
Janeiro,  Brazil.    December.  1890. 

Frank  Wii.bbilxie  De  Wolf,  TIrbann.  III.    December,  1909. 
'.ToBEPH  S,  D11J.BB,  U.  S.  Geological  Survey.  Washington,  D.  C. 

F.DWABD  V.  DiNviLLiEBS.  WW  Walnut  St„  Philadelphia,  Pa.    December,  188a 

IticHARu  K.  l>oiKiE.  Teftchers'  College,  New  York,  N.  T.    August  1897. 

Noah  Fields  Drake,  Fayettevllle,  Arkansas.     December,  1898. 

John  Albxandeb  Dbesbeb,  10  Forest  Ave.,  Saulte  Ste.  Marie.  Ontario,  Canada. 
Deceml«r.  KMXi. 

Chari.es  It.  Dryer.  Indiana  State  Normal  School,  Tenre  Haute,  Ind.    AuguRt. 

1897. 
•Edwin  T.  Dumbi-e,  l.-JOG  Main  St,  Houston.  Texas. 

Abthvs  S.  Baku:,  rnlversit.v  of  California,  Berkeley,  Cal.     December.  18!«, 

Cuables  R.  Eastman.  CanieBle  Museum,  Pittsburgh.  Pa.    December.  189,1. 

Kbwin  C.  Eckei,  Muiipey  Building.  Washington.  D.  C    December,  190B. 

Abthuk  H.  Klktman.  P.  O.  Box  oni.  Toiiopiili.  Nev.    December,  1898. 

•Benjamin  K.  Emerson.  Amherxt  CoUeKe.  Amherst  Mass. 

WiLUAM  Habve\-  Emmons.  University  of  Minnesota,  Minneapolis,  Hinn.    De- 
cember. 1912. 

John  Etebmak,  Oakburst  Baston,  Pa.    August,  1691. 

Habold  W.  Fairbanks,  Berkeley,  Cal.    Ai^ust,  1892, 

•Herman  l.  Faibchild,  University  of  BocbeBter,  BoclieBter,  N.  Y. 
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OuTXB  C.  FABRiNOTOif,  Field  Museum  of  Nrihirnl  History.  CbloaKO,  111.     De- 
cember. 1805. 

Nb¥iw  M.  Feknbkab,  University  of  CInriniiatI,  Cluclnnati.  Ohio.    Dec.,  Ifl04. 

CiABcncB  NoBMAN  Fbkneb,  Of><^hj8loHl  Laboratory,  WaRblngton,  D.  C.    De- 
cember, ISll. 

Casbius  Aba  Fishek,  Til  Ideal  Building,  Driver.  Colo.    December,  1908. 

AnauBT  F.  Foebbte.  Steele  Hlgb  Sobool,  Dayton.  Ohio.    December,  1899. 

WiLUAu  M.  FoNTAiKK.  TTulveralty  of  Virginia.  Charlotteavllle.  Va.  Dec.,  1888. 

UTRon  Leslie  Fullcb,  185  Spring  St..  Brocktoo,  Mbbs.    December,  18d8. 

Hekby  Stewart  Gane,  Santa  Barbara,  Cal.    December,  1896. 

Jaues  H.  Garditkb,  Kentucky  Geological  Snrvey,  Lexington.  Ky.    Dec..  1911. 

Rdbbeli.  D.  Oboboe,  University  of  Colorado,  Boulder,  Colo.    December,  1906. 
•GwvE  K.  GiMEHT.  U.  S.  Geological  Survey,  WiiBhlngton.  D.  C. 

Adam  Capen  Giij,  Cornell  ITnlverslty.  Ithatn,  N.  Y.    December,  188a 

U  C.  Glenn.  Vanderbllt  University,  Nasbvllle,  Temi.    June,  1900. 

Jaueb  Walteb  GoLDTRWAiT.  Dartmouth  College.  Hanover.  N.  H.    Dec..  1909. 

Crableb  H.  Gobdon,  Tlnlverfilty  Library.  Unlveratty  of  Tennessee.  Knosvllle, 
Tenn.     August  189.S. 

CHABLjes  NewToH  Gould,  University  of  Oklalioma.  Norman,  Okla.    Dec..  190*. 

Amadeus  W,  Gbabau,  Columbia  University,  Now  York.  N.  Y.    December,  1808. 

Walter  Gramobs,  American  Museum  of  Natural  History.  New  York,  N.  Y. 
December,  1911. 

rLTSBBB  SHBRMAn  Gkant,  NorthweBtem  University.  Evanston.  111.  Dec.,  1890. 

John  Sharbhall  Qrabty,  Unlvereity  of  Virginia,  University.  Va.    Dec.,  1911. 

Herbert  E.  Gbeoorv.  Yale  UnlverBlty.  New  Flnven.  Coun.    August,  1901. 

Geobbe  p.  GBIMSifY,  Geological  Suney  of  West  Virginia,  Martlusburg,  W.  Va. 
August,  1890. 

Lgdh  S.  Obibwold.  Plymouth.  Mass.    August,  1902. 

Fbei^ric  p.  Gulliveb,  Norwlchtown,  Conu.    August  1806. 

Axifoui  Haoux,  V.  S.  Geological  Survey.  Washington,  D.  C.    May,  1889. 

Baird  Halberstadt,  PottSTllle,  Pa.     December,  1909. 

Gilbert  D.  Babris,  Cornell  Unlveralty.  Itbaca,  N.  Y.    December,  1903. 

JoBN  BuBCRUORE  Harbison,  Georgetown.  British  Guiana.    Jnne,  1902. 

JoBH  B.  HAsnnos,  1480  High  St.,  Denver.  Colo.    Jlay.  1880. 
'EIrabiiuth  Hawobth,  University  of  Kansas.  Lawrence,  Kana. 

C.  WnjARD  Hates,  C<Mupanla  Mexicana  de  Petroleo  "El  Agulta,"  Tampico, 
Ueilco.    May,  1889. 

Oacab  H.  Hebbhet.  Kellogg,  Idaho,    December,  1900. 

RicBABD  R,  Hicc,  Beaver,  Pa.    December,  1903. 

FtAHK  A.  Hill,  1315  Mabantango  St.,  PottsvUle.  Pa.    May,  1889. 
•BoBEBT  T.  Hill.  25  Broad  St.  New  York.  N.  Y. 

RicBAKD  C.  Hills,  Denver,  Colo.    Augnst  1894. 

Hekit  Hinds.  U.  S.  Geological  Surrey.  Wasblngton,  D,  C.    December.  1912. 
'Charles  H.  Hitchcock,  Honolnlu.  Hawaiian  Islands. 

WiLLUM  Hebbebt  Hobbb,  University  of  Michigan.  Ann  Arbor.  Mfch.    August, 

1801. 
•Levi  Bolsbook,  P.  0.  Box  536,  New  York,  N.  Y. 

WouAii  Jacob  HoLi.Ain>,  Carnegie  Museum,  Pittsburgh,  Pa.    December,  1910. 

Anars  HoixicK,  Nev  York  Botanical  Garden,  Bronx  Park,  New  York  City, 
t,1893. 
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■JOSEPH  A.  IIoLUBH,  V.  8.  Bureau  of  Mines,  Wnabingtoii,  D.  C. 

Tbouas  C.  Hopkins.  Syracuse  L'nfveralty.  SyracuBe,  N.  Y.     December.  JSW. 

William  Otis  Hotchkiss,  State  GeologlHt,  MndlRoo,  Wis.    December.  1U11. 
*Bduund  Otis  Hovey,  Amerlcau  Muneum  of  Natural  History.  New  York,  N.  Y. 
*HottAt-B  C  IIovKY,  Newburyport,  Mam. 

Kbwest  Howe,  TB  Kuy  St.,  NeniKtrt.  R.  I.    Der«mber,  1!t(». 

LvoiL's  L.  HuBBABD.  Hoagbton.  Mk-b.    DM^inber,  1864. 

Ki.LSWOBTH  HrKTCNuTnN.  Yule  University.  New  Ilaveii.  Conn.    Deer..  1906. 

I.OUI8  HussAKOF.  American  Muneuin  of  Natural  History,  New  York,  N.  Y. 
December,  1910, 

Joseph  P.  Iddinos,  Brluklow,  Md,    May,  J889. 

John  D.  Ibvino,  Yale  University,  New  Haven,  Conn.     December.  1005. 

A.  Wendell  Jackson,  4.t2  Saint  Nicholas  Ave.,  New  York.  N.  Y.    Dec.,  1888. 

RoBEBT  T.  Jackson,  !>G  Bay  State  Road,  Boston,  ^lass.    August,  1894. 

TuouAS  Ai'orsTus  Jaooar,  Jr.,  Ilawallan  Volcano  Observatory,  Territory  of 
Hawaii.  V.  8.  A.    December,  1006. 

Mabr  S.  W.  Jefi^bson.  Mlcblgan  State  Normal  College,  YpallantI,  Ulcb.    De- 
cember, J904. 

AiAEBT  JoKANNSEN,  Uulvemlty  of  ChlcBBO,  Clilcago,  IlL    December,  1908. 

DouQLAS  WiiJiON  Johnson.  Columbia  Univerdty.  New  York,  N.  Y.    Dec..  1906, 

Alexis  A.  Juuen,  Soutta  Harwich,  Mass.    May.  1889. 

Pbank  Jamfs  Katz.  U.  S.  GeoloKical  Survey,  Wasblngton,  D.  C.    Dec.,  1912. 

Gboroe  Fkederick  Kay.  State  HnlverBlty  of  Iowa.  Iowa  CIt;,  Iowa.  Dec.,  l&Oft. 

Arthur  Keith,  V.  8.  Oolofdcal  Suney,  WafAlngton,  D.  C.    May,  1889. 
•James  F.  Keup.  Columbia  ITnlverBity.  New  York,  N.  Y. 

Charles  Rou-in  Keves.  044  Fifth  St,  Des  Moliien.  Iowa.    August,  1890. 

Rdwarr  M.  KiNiiiA,  Victoria  Memorial  MuMeuin.  Ottawa,  Canada.    Dec.,  190r>.  . 

Edwin  Kibk,  V.  S.  ^ieoloKlcal  Survey.  WaHbluKton,  D.  C.    December,  1912. 

Cyril  Workman  Knight,  Toronto.  Ontario.  Canada.    December,  1911. 

Adolph  Knopf.  TI.  S.  Geological  Survey.  Wa^ington,  D.  C.    December,  1911. 

Prank  H.  Knowi.tor,  I',  S.  National  Museum,  Washingtou.  D.  C.     May,  1889. 

Edward  Henry  Kraub.  University  of  Itllchlgan,  Ana  Arbor,  Mtcb.    June.  1902. 

Hbnby  B.  KOmmei,  Trenton.  N.  J.    December,  1895. 
•Gboroe  P.  Kuntz,  401  Fiftb  Ave.,  New  York,  N.Y. 

Qboiuje  Edoab  IiAdd,  Wllburton,  Okla.    August.  1891. 

Laurence  1^  Forge,  ir.  8.  National  Museum.  Washington,  D.  C.    Dec.,  1912. 

IiAWRENCE  Morris  Lamdf..  Department  of  Mines,  Ottawa,  Canada.    Dec.,  1911. 

HE.VBY  Landeb,  ITniversity  of  Washington,  Unlveralty  Station,  Seattle.  Wasb. 
December,  1908. 

Alfred  C.  IiAne,  Tufls  Collie,  Maes.    December,  1889. 

Andbew  C.  I.UIWSON.  Unlvemity  of  California,  Berkeley,  Cal.    May,  1880. 

WiLiJS  Thomas  Lee.  I'.  8.  Oeologlcal  Survey.  Washington,  D.  C.     Dec,.  1903. 

Charles  K.  Leith.  Unlvernlty  of  Wisconsin,  Madison,  Wis.    Dec.,  1902. 

Arthur  G.  Leonard,  State  University  of  North  Dakota,  Grand  Forks,  N,  Dak. 
December,  liWl. 

Frank  Levebett.  Ann  Arbor,  MIcb.    August,  1890. 

Joseph  Volney  Lewis.  Rutgers  College,  New  Brunswick,  N.  J.    Dec.,  1006. 

William  Libbey.  Princeton  ITniversity.  Princeton,  N.  J.    August,  1899. 

Waldeuar  Lindgrek.  Massachusetts  Institute  of  Technology,  Bostcm,  Uaas, 
August,  1890, 
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Freikrick  Bbewstek  Txkiuis.  Aniliorsl  T'ollege.  Aralierrt.  Miimm.    Der..  1901). 

Geobob  Davis  Loudebback,  UnlverKltyof  CiilUornia.  Berkeley.  Ciil.  June,  1002. 

RoBcBT  H.  LouaRBiDQE,  Uiilvemlty  ot  L'liltfornlu.  Berkeley.  Cal.    Mny,  I88>). 

Albebt  p.  Low,  Dei)artnieDt  ot  Uines,  Ottnwn.  Ciituulii.    Deceiolter,  lOOC. 

Richard  Swanb  Lull,  Yale  University.  Ne»v  Haven.  Conn.    December,  1909. 

Samuel  WASBiMaTON  McCalue,  Atlantu,  Qa.    December,  1009. 

HiOAU  Deies  MoCabkkv,  U.  S.  Geological  Surrey,  Wasblngton.  D.  C.     De- 
cember, 1004. 

RtcfiARD  G.  McCoNHELL,  Geologkftl  and  Natural  History  Suney  of  Caunda, 
Ottawa,  Caiinda.    May,  1880. 

James  Rieuan  Macfablahb,  Woodland  noad,  rittKlmrgb,  V».     Aiieuh*.  ISIU. 

William  McInneb,  Geologlcnl  and  Natural  History  Survey  of  Canadn,  Ot- 
tawa. Canada.    May.  18S0. 

PcTEB  McKeijar.  Fort  WlUEam,  Ontario.  C'liniidn.    August.  1800. 

Geoboe  'Rogers  Mansfield,  Nortbwentern  University,  Evaiiston.  III.     Dec.,  1000. 

Curtis  F.  Mabbut.  State  University.  <.'oluml)la.  Mo.    Autnitit.  1807. 

VERifon  F.  Mabbtebb.  Shu  Juanclto,  Iloiidurns,  C.  A.    Aiwunt,  18.')2. 

Qeobob  Curtis  Martin,  U.  S.  Geological  Survey,  Washington,  D.  C.  June.  1002. 

LAWREncB  Mabtin,  Unlverslt>-  of  Wisconsin,  Madison,  Wla.     December.  lOOtl. 

Edward  B.  Matmewb.  Johns  Hopkins  University,  Baltimore,  Md.    Aug..  ISOS. 

W.  D.  Matthew,  American  Museuui  of  Natural  Hlutory,  New  York,  N.  Y. 
December,  1003. 

P.  H.  Mell,  166  East  lOtb  St.,  Atlautn.  On.     l>ecember,  1888. 

Waltkb  O.'  MEHDEnHALL,  U.  S.  Geologlcnl  Survey,  Washington,  D.  C.    June. 
1902. 

JoBN  C.  Mebriam,  University  of  Cnllfaniia.  Berkeley,  Cal.    August,  1805. 
*Fredbmck  J.  H.  Mebbill.  fl24  Citizens'  National  Bank  BUlg..  I.ds  AiiKeles.  Cal. 

GEnBGE  P.  Mebrilu  1'.  S.  National  Muwuni.  Wjislilngtoii,  D.  C.    Dec.  1888. 

Arthub  M.  MiufR.  State  UnlverNlty  of  Kenluck.v,  I«xlneton.  Ky.    Dec..  1897. 

Behjamin  L.  Milleb,  liPhlgh  I'ldvepHlty.  Suntb  Betblebem,  Pa.     Dec..  1904. 

WiLUT  O.  Miller.  Toronto,  Canada.    December,  1002. 

WiLUAM  John  Miu.br.  HanilUou  CollPRe.  Clinton,  N.  Y.    Decendier,  lOOf). 

Fred  Howard  Momx,  U.  S.  Geologlciil  Survey.  Wiishington,  D.  C.    Dec.,  1912. 

Henry  Montoomery,  University  of  Toi-onto.  Toronto,  Canada.    Dec..  1004. 

Elwood  S.  Moorg.  Peniisylvaiila  State  College,  Slate  C(dlej»>.  I'a.    Dec-.,  1011. 

Malcolm  John  Musn,  V.  S.  Gei>liiglcnl  Survey.  Washington,  D.  C.    De<-.,  lOOO. 
•Fbakk  li  Nason.  West  Haven,  Conn. 

David  Hale  Newland.  Albany.  N.  T.    December.  lOOii. 

John  F.  Newbom.  Leland  Stanford.  Jr.,  I.Tnlverslty.  Stanford  University,  Cal. 
December.  1809. 

WiLUAM  H.  Norton.  Cornell  College.  Mount  \'ernoii.  Town.     December.  1805. 

Charles  J.  Norwood,  State  University,  Ix^\1nglnn.  Ky.    August,  1804. 

Ida  Hkixn  Ooilvie.  Bsmard  College.  Columbia  University,  New  York,  N.  Y.. 
December,  1908. 

Cleophab  C.  O'Harba.  South  Dakota  School  of  Mines,  Rapid  Cltj-,  S.  Dnk. 
December,  1904. 

Daniel  Wkbsteb  Obebn.  University  of  Okinhonin,  Norman,  Okla.    Dec.,  1911. 

EzEQUtCL  Obdonez.  2  n  General  Prim  4rt.  Mexico.  I).  F.,  Mex.     AuKUst,  189R. 

Edwabp  QBTon,  Jr.,  Qeologlcal  Survey  of  Ohio,  Columbus,  Ohio.    Dec.,  1900. 
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IlEtfBY  F.  OsBOBN.  Am«rli<nD  Museum  of  Natural  HUtory,  New  York,  X.  Y, 
August.  1894. 

SiDNEV  Paiqe,  U.  S.  Geological  Survey,  Washiuffton,  D.  C.    December.  1911. 

<'KABif  s  Pauche.  Hflrvard  University,  CfliiArldge,  Maes.     August,  1887. 

WiLMAM  A.  Parks,  rulventlty  of  Toronto,  Toronto.  Canada.    Depember,  1906. 
*HoBACE  B.  Pattoh,  Colorado  Scliool  of  Mlnen.  Golden,  Colo. 

Fbedebick  B.  Peck.  I^fnyette  Collejce,  Easton.  Pa.    August,  IflOl. 

RicHABD  A.  F.  Pbnbose,  Jr..  -ItfO  Bullitt  BldR.,  Philadelphia.  Pa.    liny.  1881). 

Geoboe  H.  Pebkinb,  I'nlrerslty  of  Vermont.  BurllnKton.  Vt.;  State  Geologlnt. 
June,  lOCe. 

Joseph  H,  Pebbv.  270  Highland  St..  Worcesier.  Moss.    Il>ereii)l>er.  1888. 

OiJiT  AuovsT  Petebson,  Carnegie  Muceum.  Plttsburgli.  Pn.    Det-ember,  1910. 

William  CurroH  Piialcn,  U.  S.  Geological  Sun-ey,  Wasbington,  D.  C.    De 
cember.  1912. 

Louis  V.  PiBssoN.  Yale  University.  New  Haven,  Conn.    August.  18M. 

Joseph  E.  Pocue.  V.  S.  National  Mui^euni.  Washington.  D.  C.    Dee.,  1911. 

Joseph  Hyde  Pbatt,  Xortb  Carolina  Geological  Survey,  Cbapel  Hill,  N.  C. 
December.  1898. 

rxmis  M,  PBisutE,  I'.  S,  Geological  Survey.  Washington,  D.  C.    Dec,,  1912. 
'Chables  a.  Pbosser.  Ohio  State  I'nlverHltj'.  Columbus.  Ohio. 

Wfi.LiAM   t'BKUEBicK  Pboutv.  Uulverslty  of  Alnbama,  UulTendty,  Ala.     I)e- 
cemlier.  1911. 
■Raphael  Pvmpelly,  Newiwrt,  R.  I. 

Albert  Houer  I'ubdue.  State  Geologleal  Survey.  Nashville.  Tenu.    Dec.,  1904. 

Fbedebick  Leslie  Ransoue,  U.  S.  Geological  Survey,  Washington,  D.  C.    Au- 
gust. 1896. 

Percy  Edward  Raymond,  Museum  of  Comparative  ZoGlogy,  Caiubrl^e,  Mass 
December.  1907. 

IIabbt  FiELDiNQ  Reid.  JohuH  Hopklns  University,  Baltimore.  S(d.    Dec.,  1882. 

William  Nobth  Rice,  Wesleyan  University.  MIddletown,  Conn.    August,  1800. 

John  Lton  Rich,  University  of  Illinois,  Urbana,  III.    December,  1012. 

CuABLES  II.  RicHABDSON.  Syracusc  Uulverslty.  Syracuse.  N.  Y.    Dec..  1899. 

Geoboe  Bubb  Richaboson.  U.  8.  Geological  Survey,  WashlnKton,  D.  C.    De- 
cember, 1908. 

IIeinbich  RiEB.  Cornell  fnlversity.  Ithaca,  N.  Y.    December.  1883. 

Klufb  S.  Riuos,  Field  Museum  of  Natural  History,  Chicago.  III.    Dec..  1911. 

Jesse  Pesby  Rowb,  University  of  Montana.  MiKsoula.  Mont.    I)ecember,  1911. 

RuDOLPti  Rvepemakn.  Albany,  N.  Y.    December,  1905. 

■loiiN  Joseph  Ritledqe,  Esperiment  Station.  Plttsbun^h,  Pa.    Dec..  1911. 

Obestfs  H.  St.  .Toh»,  1141  Twelfth  St..  San  Diego,  Cal    May,  1889. 

•ItoLi.iN  D.  Salisbury.  University  of  Chicago,  Chicago.  HI, 

Fbedebick  W.  Sardenon,  University  of  Minnesota,  Minneapolis,  Minn.     De- 
cenil>er.  1802. 

Thouab  Edmvmd  Savaob.  University  of  Illinois.  Uriinna.  lit.     I>ecemt>er!  IBOT. 

Frank  C,  SciiRAimR.  U.  S.  Geological  Suney,  Washington,  D.  C,    Aug.,  1901. 

Charles  Sciu'chebt,  Yale  University.  New  Haven,  Conn.    August  18!K. 

Alfred  REOiNAi.rt  Schi:i.tz,  U.  S.  Geological  Survey,  Washington.  D.  C.    De- 
cember. 1912. 

Wiij.iAM  B,  SroTT,  Princeton  University,  Princeton.  N.  J.    August.  1892. 

Abthl'b  EnMUNo  Seaman,  Michigan  College  of  Mines,  Houghton,  Mich.    De- 
cember, 1904. 


C.y,l..<.d,,C'OOglC 


LIST  OF  MEMBERS  Ol 

Henry  SI.  Seew.  Mlddleburj'  ColleRe.  Mlddlcburj'.  Vt.    Miiy.  18S1I. 

EUAS  H.  Sellabds.  TnllflbHsPee.  Flu.    l>eceiiilier,  1iKlf>. 

JoAQCiM  Candido  DA  CoBTA  SeSa.  Stale  St'liool  of  Mines,  Ouro  I'reto.  BmsU. 
December.  1908. 

Geobgs  BfRBANK  SHATTtcK.  Vnnsur  Colleee.  PougbkeeiMie,  N.  Y.    Aug..  1809. 

EiracKB  Webley  Shaw,  U.  S.  Oeologknl  Survey.  Wiislilngton,  D.  C.    Pet-.,  1912. 

Solon  Shedd.  State  Collie  of  Wnslilngtoii.  Pullmaii,  Wnsb.    I>ep..  IJMM. 

Bdward  M.  Suefard.  1403  Benton  Ave.,  Springfield.  Mo.    Augntt,  1901. 

Will  H.  Shekzer,  Stiite  Noruiul  Scliool.  YpHltnntI,  Mich.    I>ei-eiuber.  1890. 

BoHuMiL  SiiiUEK.  University  of  lown.  Iowa  City,  lown.    Deoember,  1004. 

Uebvet  Woodbubm  Shimeb,  Mawnc-liURettn  Institute  of  Technolojty,  Boston, 
Mass.    December,  1010. 

CI.AUDE  Ellsworth  Siebgntual,  V.  S.  Oeologicul  Survey,  Wafhiiigton.  D.  C. 

December,  1912. 
'Pbederick  W.  Siuonos.  University  of  Texas,  Austin,  Texas. 

WiiiiAii  JoHJi  SincutB,  Princeton  University.  Trlnceton.  X.  J,     Dec.,  lOOtl. 

Joseph  Theophilub  Sinoewald,  Johns  Hopkins  University,  Baltlnioi-e,  Md. 
December.  1911. 

Eablb  Sloan.  Chfirleston,  S.  C.    Dei«mlier,  1908. 

BiTBNETT  SutTH,  Symcuse  I'ntverslty,  Sknneateles.  N.  Y.    Decemlier.  1911. 

Ca«l  Smith.  U.  S.  Geological  Survey.  Wnsblngton.  D.  (.'.    Detvniber.  1912. 
'EuoENE  A.  StiiTH,  University  of  Alabama.  University,  Alii. 

Geoboe  Otib  SiiiTn.  I'.  8.  Geological  Sun'ey.  Washington.  D.  ('.    Aug..  1897. 

Philip  8.  SuiTii.  U.  S.  Geological  Survey.  Wiisliington.  D  C.    Dec.  1009. 

Wabrek  Du  P«t  Smith,  Mining  Bureau.  Muulla,  Philippine  Islands.    Decem- 
ber, 1999. 

W.  S.  Tanoieb  Smith,  262fi  Haste  St.,  Berkeley,  Cnl.    Jane.  1002. 
•John  C.  Smock.  Trenton,  N.  J. 

Charles  H.  Smyth,  Jb..  Princeton  University.  Princeton,  N.  J.    Aug..  1802. 

Henry  L.  Smyth,  Har\-ard  irnlvernlty.  ruuibrlrtge.  Mass.    August.  IfiiU. 

Abthub  Coe  Spencer,  U.  S.  Geological  Sunej",  Wiislilngtoii,  D.  C.    Dec.,  180«. 

•J.  W.  Sfenc'eb.  2019  Hlllyer  Place.  Wnsblnglon.  IK  V. 

Frank  Spbihqes,  U.  S.  Xatloiiiil  Miisenm,  WiiHhIngton.  D.  <'.    I >e<'eiiil>er.  1911. 

JosiAH  E.  Spubb.  IftT  Brosdwny.  New  York,  N.  Y.    Deiemlier,  1894. 

Joseph  Stanij:yBiiown,  C'oldspring  Ilailior,  l.ong  Island.  N.  Y.    Aug..  1802. 

Timothy  Wiijjam  Stanton,  U.  S.  National  Museum,  Washington,  D.  C.    Au- 
gust. 1891. 

Clinton  Baymond  Staupfeb,  Western  Beserv.e  University,  Cleveland,  Olilo. 
December.  1911. 

IAjovv  William  Stephenson,  II.  S.  Geological  Sun-ey,  Washington.  I>.  C.    De- 
cember, 1911. 
•John  J.  Stevenbon.  215  West  101st  St.,  New  Yort,  N.  Y. 

Ralph  Walter  Stone,  U.  S.  Geological  Sun-ey,  Washington.  D.  C.    Dec.,  1912, 

GEORoe  WiLUS  Stose.  U.  S.  Geological  Survey.  Washington,  D.  V.    Dei-..  UK'S. 

WiLUAM  J.  Sutton,  Victoria.  B.  C.    August.  1901. 

Chableb  Kephart  Swabtz.  Johns  Hopkins  University,  Baltimore,  Md.     De- 
cember, 1908. 

Joseph  A.  Tapt,  712  Flood  KuiUling,  Snii  Frani-lsco,  Cnl.     August.  IWir.. 

Jaueb  E.  Talmaoe,  University  of  Utah.  Salt  IJike  City,  Utah.    Pec..  18117. 

Frank  B.  T4yM>a,  Fort  Wayoe,  Ind.    December.  1895. 


D.g,t.zedbyG00gIC 


88  PKOCEBDINOS  OF  THE  NEW  HAVEN  MBETIMQ 

■Jahkr  K.  Todii.  1224  Rbude'  lalRnd  Rt.  I^wrenee.  Kaus. 

(rvBUM  FiHHEB  Toi.MAS,  JR.,  niilverdlty  of  Arlsouii,  Tuchoii,  Ariz.     Dec..  1009. 
*1Ienbv  W.  Tusner.  ItiMiiii  701)  MIHh  BullillnK.  Shu  FraiU'iwo.  Cal. 

MAYVii.Le  WiujiM  TwiTCKBLL,  State  GeoloKk'Bl  Suney,  Treiitou,  X.  J.    De- 
cember, 1011. 

Joseph  B.  Ttbrell,  Koom  5.'!4,  Cosfecleratlon  Life  Building.  Toronto,  Caiinda. 
May,  ISSO. 

JoHAN  A.  UnDEW,  T'niTerslty  of  Texim,  AuBtln.  TesBH.     Auftast,  1897. 

Bpwabd  O.  Ulbich.  V.  R.  Oeologlcnl  Survey.  Wastilngton,  D.  C.    Dec..  1003. 
•Wabbbn  I'piiau,  MltinexolH  Blfltorlciil  RoclPty,  Saint  PboI,  MIdd, 
■Ckarleb  R.  Van  IIihe.  University  of  WiHcoiiHlii,  Madison,  WIti. 

Frank   Robertbon   Van    [Iorn.   Ciik«>   Scttool  of   A(ipll«d   Science.   CleTeland. 
Ohio.    December,  189S. 

Gtlbcbt  van  Inobn.  Princeton  rulverHlly.  Princeton,  N.  J.    l)eceuiber.  1J>0*. 

Thomas  Watund  Vatohah,  IT.  S.  GeoloKlcal  Snrv^,  WnnblnKtou,  D.  C.    Au- 
gURt,  189a 

Arthur  Cliffobd  Vkacii.  47  Parllauient  St..  S.  W.,  London,  England.    Dec., 
1906. 
■Anthony  W.  Voortts.  242f!  Flrnt  St..  Kiin  Diego,  Cal. 
•M.  Edward  WAnHWOBXH.  Scliool  of  MlneR.  T'nlverelty  of  Plttuburgb.  Pltttt- 

hunch,  Pa. 
•Chari.fs  D.  WAiroTT.  Rnilllii'onlHn  liiHtlhitluii.  WimlilnEton.  D.  C 

Thomas  L.  Walkfr.  ITnivemltr  of  Toronto.  Toronto.  Canudn.    Dec..  1003. 

Charles  H.  Wasben.  MuBsachufelte  Institute  of  Technology,  Boston,  Mrbh. 
December,  1901. 

IIenby  Stephens  Washington,  Lo<aiBt,  Klonmoutli  County,  N.  J.    AufC-,  189B. 

Thomas  L.  Watson,  University  of  Virginia.  Charlottesville,  Va.     June,  190O, 

Walter  H.  Weed.  42  Broadway.  New  York,  N.  Y.     May,  18S9. 

Carroll  Habvei-  Weoemann.  r.  S.  Geological  Survey,  Wuahlngfon,  D.  C.    De- 
cember. 1912. 

Samuei,  Weidman,  WlHcoQsln  GeoloKlcal  and  Natural  History  Survey,  Madi- 
son, Wis.     December,  lOat. 

Stuart  Weijjtr.  I'lilrprolty  of  ChlcnRO,  Chicago.  111.    June.  lUOO. 

Lewis  Q.  Westoate.  Ohio  Wesleyan  University,  Delaware,  Ohio. 

David  Whitk,  H.  a.  National  Museum,  Wnslilngton.  D.  C,    May.  1880. 
•Israel  C.  White.  .Morgantown.  W.  Vn. 

Georoe  Redek  Wiki.ahi).  Yale  T'nlverslty,  New  Haven,  Conn,    l>pt'en]t>er.  1910. 

Frank  A.  Wiijier.  North  Holston,  8m.vth  Connly.  Vn,    December,  190!>. 
•KiiwABD  H.  WiiUAMS,  Jr.,  Woodstock,  Vt. 
•Henry  S.  Wiujams.  Cornell  University.  Ithacn,  N.  Y. 

Ira  a.  WiM.rAMH.  lown  State  College,  Ames,  Iowa.    December.  1005. 

Bailey  Willis.  I'.  S.  Geological  8ur\-ey.  WnshlnKton,  D.  C.    December,  1880, 

Samuel  W.  Willihton.  I'nlverslty  of  Chlcaco,  Chicago,  111.    December.  1889. 

Arthur  B.  Wu.mott.  4it4  Lumsden  Bulldtug,  Toronto.  Canada.    l>ec.,  1800. 

Alfred  W.  O.  Whson.  Department  of  Mines,  Ottawa,  (^anadn,    June,  1002. 

Alrxandfr  N.  WiNCHEi.r,  University  of  Wisconsin,  MadlPon,  Wis.    Aug.,  lOOl. 
•Horace  Vauohn  Winciieij,  1505  Palace  Building.  Minneapolis,  Minn. 
•Newton  H.  WiNrwELi.  Wl  East  River  Road,  MlnDeapolltt,  Minn. 
•Arthib  Wi.xstnw.  l,";!  State  SI.,  Boston,  MaBS. 

John  R.  Wni.Fr,  Ilan-ard  University.  Cambridge,  Mass.    December,  1880. 

Joseph  E.  Woodman,  New  York  University,  New  York.  N,  Y.    Dec.,  1005. 


C.y,l..<.J,,CjOOglC 


LIST  OF  MEMBERS  Oii 

ItOBEBT  S.  WoDDWASii,  CHnieKie  IiiHtltutluii  of  WiiMlili^noi).  Waitbiiigton,  D.  C, 

May.  1880. 
Jat  B.  Woodwortei.  Harvard  tTniveniUy.  CanibrldKe.  Masa.    December,  1895. 
Chablbb  Will  Wbmut,  lagurtosu,  Arbus,  Sardinia,  Italy.    December,  lOOB. 
Fbohbic  E.  Wuobt,  Geophysical  Laboratory,  Carnegie  Institution,  Waablug- 

ton,  D.  C.    December,  1903. 
■O..FBEnnucK  WuoHT,  Oberlln  Theological  Seminary,  Oberlln.  Oblo. 
Geobob  a.  Yodko,  Geological  Survey  of  Canada,  Ottawa,  Canada,    Dec..  1900. 

CORRBBPONDBNTa  DBCEA8BD 


FELLOWS  DBCBA8BD 

■Indicates  Orlglaal  Fellow  (see  article  III  of  Coustltntlon ) 

'Chablrb  a.  Abhrubner.    Died  Decemt«r  24,1889. 

Charus  E.  Beecher.    Died  Febnmry  14.11)04. 

WiLUAU  Fhipps  Blake.     Died  Mny  21.1910. 

Auos  BowuAir.    Died  June  IR  1894. 

liRnEST  Robertson  Buckley.    Died  January  19, 1912. 
•Samuel  Calviii.    Died  April  17, 1911. 

FRAKKLin  R.  Cabpenttr.    Died  April  1.1910. 
•J.  H.  Chapiit.    Died  March  14.  IS92. 
*EDWABn  W.  Claypole.    Died  August  IT.  1901. 

Gbobob  H.  Cook.    Died  September  22, 1889. 
*EDWABn  D.  Cope.    Died  April  12, 1897. 

Aktoitio  Del  Castillo.    Died  October  28, 18IK). 
•jAuea  D.  Dana.     Died  April  14,  ISSC. 

GoWGE  M.  Dawson.     Died  March  2,  1901. 

Sir  J.  WiLUAM  Dawson.     Died  November  1».  1899, 

CuAKENce  EowAHO  DcTTON.    Died  Jnniinry  4, 1012. 
*WiLLtAU  B.  DwioHT.    Died  August  29,1900. 
•Gboroe  H.  Eldbidoe.    Died  June  29. 190S. 
•Samuel  F.  Emmons.    Died  March  28.1911. 
•AL3EBT  B.  FooTE.    Died  October  10. 1895. 
•PERStroB  Fkazbb.    Died  April  7,  1900. 
•Homes  T.  Fulu3.    Died  August  14, 1908. 

N.  J.  GiRODx.    Died  November  80, 1890. 
•Chribtopheb  W.  Hall.    Died  May  10, 1911. 
•Jaues  Hau.    Died  August  7, 189S. 

JoHK  B.  Hatchrb.  Died  July  .1, 1904. 
•Robcbt  Hat.  Died  December  14,1895. 
•AjroBLO  HEtu^Bin.    Died  July  17, 1007. 

Datid  Honeyuan.    Died  October  17.1889. 
•Edwin  E.  Howell,    Died  April  16,1911. 

Thomas  Stebry  Hunt.    Died  February  12.1892. 
•ALPHEns  Hyatt,    Died  January  15, 1902. 

Thomas  M.  Jackson.    Died  February  3, 1912, 
•Joseph  F.  Jambs.    Died  March  20, 1897. 


Digitized  bvGoOgIc 


80  pbocbed:ngb  op  the  new  haven  mbbtino 

Wilbur  C.  Kniokt.    Died  July  28, 1903. 

R&LPu  D.  LiicoE.    Died  February  5, 1901. 

J.  C.  K.  Laplaume.    Dfed  July  6, 1910. 

Damibi.  W.  Imkqton,    Died  June  21, 1009. 
•Joseph  Le  Cohte.    Died  July  6. 1001. 
*J.  Peter  Leblec.    Died  June  2, 1903. 

IlENBY  McCauj:t.    Died  NoTeiiilwr  20, 1904, 
•W  J  McOee.     Died  September  4,  1012. 

OUVER  Mabtv.     Died  March  10, 1800. 

Othniel  C.   Marhh.     Died   March  IS,  1800. 

James  E.  Miixs.     Died  July  2S.  1001. 
•Henry  B.  Nason.    Died  January  17.1895. 
•Peter  Neff.    Died  May  11,1003. 
•John  S.  Newbbrbt.    Died  December  T,  1802. 

William  H.  Nileb.     Died  September  12, 1910. 
•BowABD  Obton.     Died  October  IB,  1890. 
•Amos  O.  Ohbobn.     Died  March,  1911. 
•Richard  Owen.    Died  March  24, 1800. 

SahitelL.  Pbnfield.    Died  August  14,1006. 

David  Peabce  Penhaixow.    Died  October  20. 1910. 
•Franklin  Platt.    Died  July  24, 1900. 

WiLUAM  H.  I'ETTEE.     Died  Mny  26,  1004. 
•John  Webley  Poweu.     Died  September  2-i.  1002. 
•Israel  C.  RraSELU     Died  May  1,1906. 
•James  M,  Saftobd,     Died  July  3,  1007. 
•Ckarleb  Schaeffer.    Died  NoTember  23. 1908. 
•Nathaniel  8.  Shaleb.     Died  April  10,1006. 

Ralph  S.  Tabb.    Died  Maroh  21,  1912. 

William  G.  Ticiit.    Died  January  1.1,  lOlO. 

Charixs  Wacmsmuth.    Died  P'ebruary  7, 1896, 

Thomas  C.  Weston.    Died  July  20, 1010. 

Theodore  G,  Wnrrc.     Died  July  7, 1901, 
•George  H.  Whj.iamb.    Died  July  12, 1894. 
•Robert  P.  Whitfieia.    Died  April  6,1910. 
*J.  Francib  Wiijjaus.    Died  S^itember  9,1891. 
•Alexander  Wincheli.    Died  February  19, 1881. 

Alrert  a.  Wright.    Died  April  2, 1905. 

WiixiAU  S.  Yeateb.    Died  February  19.1908l 

Bummarv 

Correspondents    14 

Original  Fellows  48 

Elected  Fellows 312  • 

Membersblp 374 

Deceased  CorreRpon dents   2 

Deceased  Fellows  72 

■  Vol.  Sn.  p.  68.  4tb  lloe  from  boltom.  ahonlA  bKTe  rmd  298  ioatead  of  200. 


Digitized  bvGoOgIc 


BULLETIN  OF  THE  GEOLOGICAL  SOCIETY  OF  AMERICA 
Vol.  34,  pp.  91-98  March  m,  1913 


PROCEEDINGS  OP  THE  THIRTEENTH  ANNUAL  MEETING 
OF  THE  COKDILLERAN  SECTION  OF  THE  GEOLOGICAL 
SOCIETY  OF  AMERICA,  HELD  AT  STANFORD  UNIVER- 
SITY, CALIFORNIA,  APRIL  5,  1918. 

Geobge  D.  Louderback,  Secretary 

CONTENTS 

Session  of  Friday.  April  5 81 

ResolutJoQH  conr^mlng  nomlnfltione  Hiid  tenure  of  offlce 92 

Eleotloti  of  offlcers 92 

Reprefleiitatloii  011  tbe  C«uu<-ll 92 

Dust  etonB»  In  Cli1n«  [KbBtra«l ;  hy  N.  F.  Drube 98 

Coal  reeouri-eB  of  China  labotract] ;  by  X.  F.  Drake 93 

Geological  secllon  of  a  portion  of  tbe  Coiitit  ranges  In  tlie  eastern  part 

of  San  T^uls  Obispo  Count}-.  California  [abstract] ;  by  Bruce  Martin.  98 
Validity  of  tbe  law  of  rational  Indices  of  cryatm  faces  Inbstract] ;  by 

Austin  F.  Rogers 93 

Oypsnm  and  anliydrite  from  tbe  Ludwig  mine,  Lyon  County,  Nevada 

[abstract]  ;   by   Austin   F.   Rof|%rs '.  9i 

Trachytlc  perllte  from   Lone  Hlil,  near   S«n  JosS,   California    [ab- 
stract] ;  by  G.  E.  Postma 1 M 

Flntlng  of  crystalline  rocks  In  the  tropics  [abstract] ;  by  J.  C.  Bren- 
ner   94 

Influence  of  wind  ou  the  aiiiiniulatlon  of  oll-bearlnj:  rocks  [abstract] ; 

by  J.  C.  Branner M 

General  geology  of  the  San  Jose  and  Mount  Hamilton  quadrangles 

[abstract] ;  by  B.  C.  Templeton 96 

Iron-ore  deposit  at  Barth,  Nevada  [abstract) ;  by  J.  Claude  Jones 96 

Ventura  County  oil  fleids  [abstract] ;  by  Robert  W,  Moran 97 

Annual  dinner 97 

General  features  of  the  structure  of  the  bedrock  complex  of  the  Sierra 

Nevada  [abstract] ;  by  George  D.  Louderback 98 

Register  of  the  Stanford  University  Meetli^ 9S 


Session  op  Friday,  April  5 

The  thirteenth  annual  meeting  of  t^e  Cordilleran  Section  was  held  in 
conjunction  with  the  Pacific  Association  of  Scientific  Societies  at  Stan- 
ford University,  April  5,  1912.     The  first  session  was  called  to  order  at 

(HI) 
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10.15  a.  m,,  in  room  334)  Geology  Building,  by  the  chairman  of  the  sec- 
tion, Prof.  A.  C.  TjawBon. 

The  minutea  of  the  twelfth  annual  meeting  were  read  and  approved. 

RESOLUTIONS  GONOEKNINO   NOMINATIONS  AND  TENOBE  OF  OFFICE 

llie  Secretary'  introduced  two  motions  concerning  nominationB  and 
tenures  of  ofGce  of  the  section  officers,  and  they  were  adopted  without  dis- 
aenting  vote,  as  follows: 

'  1.  At  the  time  of  sending  the  preliminary  notices  of  the  annual  meet- 
ing, the  secretary  of  the  section  shall  call  for  nominations  for  section 
oGfiees,  which  members  of  the  section  may  send  in  by  mail.  From  the 
nominations  so  received  a  ticket  shall  be  made  and  presented  at  the  an- 
nual meeting. 

2.  OfBcers  elected  at  any  annual  meeting  shall  be  considered  elected 
for  the  year  following  the  meoting,  including  the  annual  meeting.h«ld  at 
the  end  of  that  year.  In  other  words,  change  of  dScers  takes  place  after 
the  annual  meeting,  and  not  during  it. 

ELECTION  OF  OFFICERS 

The  section  then  balloted  for  officers  for  the  year  1918-1913,  Prof. 
A.  S.  Eakle  and  the  Secretary  being  appointed  by  the  chair  a  committee 
of  election  to  count  and  report  the  votes. 
The  following  officers  were  elected: 
J,  C.  Brannrr,  Chairman. 
Q.  D.  LocOBRBACK,  Secretary. 
W.  S.  Tanoiee  Smith,  Councillor. 

REPRESENTATION  ON  TEE  COUNCIL 

The  Secretary'  read  a  communication  from  the  general  secretary  con- 
cerning the  representation  of  the  section  on  the  council. 

There  being  no  further  business,  the  scientific  program  was  taken  up, 
and  the  following  papers  were  presented  in  the  order  given : 

DUST  aTORMB  IN  OBINi 


Distribution  of  the  dust  storms  and  tlielr  <-Liirncleritttlcfl  nud  modes  o(  i«- 
currence.    Present  and  past  distribution  of  tbe  transported  materials.    Some 
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obaervatlODS  for  quantitative  estlmatee  of  material  transported  and  rates  of 
depo^tioD.    Some  comparleona  with  work  done  by  rivers. 

Preaeiited  with  occasional   reference   to   monnBcript     Diacueaioa  b; 

Taff. 

COAL  RBSOVRCEB  OF  CHIKA 


Varieties  o(  the  coal  and  their  geologic  and  geographic  diatrlbutlona  Out- 
lines of  the  more  Important  coal  Helds,  with  some  eetlmatea  of  tbe  tbickness 
of  Included  coal  beds. 

Presented  with  manuBcript,  oatline,  and  map.  Discussion  by  Lawson 
and  Londerback. 


BY  BBUCB  MABTIN 

(Abstract) 

A  dl»cu8Blon  of  tbe  early  and  late  Neocene  deposits  of  that  region.  Including 
horizons  corresponding  to  Temblor,  Monterey  abale,  Santa  Margarita,  and 
Tnlare  or  Paso  Robles  fonnatlonH.  The  sequence  of  marlae  beds  are  appar- 
ently conformable  from  the  base  of  the  Temblor  to  the  upper  part  of  the  Santa 
Margarita.  The  brackish  and  fresb  water  Tulare  (  ?)  or  Paso  Rabies  ( 7)  for- 
mation overlies  uncon  form  ably  the  Santa  Margarita.  Remnants  provisionally 
grouped  with  Paso  Roblea  ( 7)  rest  horizontally  on  tilted  Monterey  and  lower 
Santa  Margarita. 

Presented  in  abstract  from  notes.     DiacuBsioa  by  Gester  and  Londer- 


¥AL1DITT  OF  TBS  LAV  OF  RATIONAL  tSDWBa  OF  CRYSTAL  FAOEB 

sr  ADBmr  f.  kooers 

iAbttraot) 

Are  tbe  Indices  of  crystal  faces  whole  numbers  or  simple  wbole  numbers,  or 
ia  there  any  meaning  to  the  law  of  rational  Indices?  On  the  assumption  that 
only  two.  three,  four,  and  six  fold  axes  of  symmetry  are  possible,  It  may  be 
proved  that  the  indices  of  crystal  faces  are  wbole  numbers,  but  not  necessarily 
simple  whole  numl>er8.  There  is  a  remarkable  analogy  l>etwe«i  tbe  funda- 
mental laws  of  crystallography  and  chemistry. 

Presented  in  abstract  from  notes ;  illnstrated  by  diagrams.  Discussion 
by  Louderback  and  Eakle. 
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The  meeting  then  adjourned  for  lunch,  reassembled,  and  was  called  to 
order  at  2  p.  m.,  and  the  following  papers  were  presented : 


QYPBVM  AND  AHHTBRITB  FROM  THE  LODWtO  UINB,  LYOS  COVSTT,  NEVADA 
BT  AUSTIN   F.  ROOIBB 

(Abstract) 

At  tbe  Ludwig;  copper  mine  In  eaat^m  Nevada  a  large  gypsum  d^KMlt  out- 
crops  on  the  surfat'e.  On  tbe  400-foot  level  gypttum  and  anbydrlte  oecur  side 
\^  side,  Tbe  eypHum  has  been  formed  from  the  anhydrite  by  bydratloo.  Tbe 
anhydrite  was  probably  formed  by  tbe  evaporatiou  of  a  closed  basiu  or  arm  of 
tbe  sea. 

Presented  without  notes ;  illustrated  by  diagrams.  Discussion  by  J.  C. 
Jones,  who  suggested  that  the  anhydrite  was  probably  formed  from  orig- 
inal gypsum  at  the  time  of  the  intruBion  of  the  granodiorite.  Further 
discussion  by  Louderback  and  Weber. 

PKBLITB  FROU  LOKB  HILL,  KEAR  SAN  JOSt,  CALIFORNIA 


(Abstract) 

A  dark-gray  perllte  vltrophyre  makes  op  a  low  dome-^aped  bill  about  balf 
way  ttetwcen  San  Joh6  and  New  Almadai.  This  rock  coatalns  about  TO  per 
cent  of  silica,  and  on  acrount  of  tbe  absence  of  quartz  It  Is  classed  as  traobyte. 
Its  place  Id  tbe  quantitative  system  will  be  determined  by  a  chemical  analysis. 

Presented  from  manuscript,  and  illustrated  by  drawings, 

FLVTINO  OF  CRTBTALLISB  ROOKS  IN  TBB  TROPIOB 


(Abstract) 

Fbotograpbs  of  the  Serra  Rlscada  and  of  other  peaks  In  tbe  Interior  of  tbe 
State  of  Cearft,  Brazil,  show  fluting  on  a  gigantic  scale.  Tbe  rocks  are  homo- 
geneous crystalline  rocks  resembling  conrse-gralned  granodlo rites.  Tbe  region 
Is  bot  and  arid  and  tbe  rainfall  highly  concentrated. 

Presented  without  notes,  Diacussion  by  Lawson,  and  further  discus- 
sion  by  Branner. 

INFLUSSCB  OF  WIND  ON  TBB  ACCDUOLATION  OP  OIL-BBARINQ  ROCKS 


Marine  diatoms  appear  to  bare  been  tbe  source  of  tbe  petroleum  and  allied 
deposits  of  California.    The  diatomaceouB  abaies  of  Callforuta  are  not  strictly 
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wnfined  to  any  one  geologlcnl  borizon,  hut  ttiey  are  «i[*dnlly  abundant  In  tbe 
Tertiary,  where  they  form  the  Monterey  heds,  which  are  often  composed  almost 
entirely  of  the  alllceous  akeletonx  of  iIlntnmH. 

Botanlcfll  works  fumlBh  only  H(?anty  luromiatlon  In  regard  to  the  life  hiHtory 
ot  tbe  martne  OiutomB.  It  la  generally  aKre«d  that  they  thrive  hest  in  cold 
was;  that  moat  of  them  live  near  the  Hurface  of  the  water  and  lu  the  littoral 
lone.  Ab  these  orKsnlomi*  |>erltili  their  Hlllc-eous  nkeletal  remains  slnh  slowly 
to  the  bottom,  cfqiectally  tu  tlHMte  jilarcH  where  (be  i?urrenti>  are  not  strong 
enouitb  to  sweep  them  along.  In  tbU  connection  attention  la  directed  to  the 
gmgraphy  of  the'  coast  of  California  during  tbe  geoli^le  period,  when  our 
ereate«t  deposits  of  dlatomaceous  shnleu  were  being  laid  down.  The  geology 
of  California  auxgests  that  tbe  region  ot  the  prenent  coaxt  rnnges  waa  an 
fln-blpelago.  separatlug  the  sea  that  filled  the  great  valley  on  the  east  from  the 
open  ocean  on  tbe  west  The  marine  currents  that  flowed  southward  from 
.Alaska  brought  down  great  quantities  of  marine  nlgie.  the  diatoms  Hosting  an 
tiRUBl  near  the  surface.  Once  witlilu  the  zone  of  Islands  these  floating  ma- 
terials were  probably  driven  Into  the  cul-tle-sac  at  tbe  lower  or  southern  end 
of  tbe  present  San  Joaquin  Valley,  where  tbe  granite  mountains  of  tbe  sierras 
beud  westward  and  northwestward.  Here  the  prevailing  winds  of  the  region 
are  from  tbe  north  during  the  greater  part  of  the  year,  and  materials  carried 
lit  or  near  the  surface  of  tbe  water  could  not  escape  If.  as  Is  assumed,  tbe  em- 
tmyment  waa  fairly  well  closed  at  the  extreme  southern  end.  It  Is  exactly 
bere.  st  and  around  tbe  southwestern  ronier  of  the  San  Joaquin  Valley,  that 
the  deposits  of  diatom  skeletons  are  thickest  Tbe  total  thickness  of  these 
Hhales  is  here  more  than  5,000  feet.  In  general  these  diatomaceous  shales  thin 
out  toward  the  north  and  are  Inconspicuous  In  the  geolon'  north  of  San  Fran- 
rlmw. 

It  Is  not  to  be  expected  that  the  theory  here  put  forward  to  explain  accu- 
nmlatioD  under  the  circumstances  mentioned  Is  competent  to  account  for  all 
dlat<Hnaceous  deposits  and  much  less  for  all  deposits  of  petroleum.  Even  In 
this  Instance  It  Is  evident  that  ail  of  tbe  diatoms  were  not  caught  In  tbe  angle 
of  tbe  coast ;  some  of  them  were  never  carried  to  the  landward  of  the  coast 
Hrrbipelago,  while  others  escaped  to  sink  farther  down  tbe  coast 

It  is  believed,  however,  that  the  prevailing  winds.  In  this  Instance  at  least, 
hare  been  an  important  factor  In  the  accumulation  of  the  oil-bearing  deposits. 

On  tbe  west  coast  of  South  America  there  are  petroleum  deposits  from 
Pnyta.  Peru,  northword  to  the  cape  west  of  Guyaquli.  The  near-shore  currents 
of  the  Pacific  bere  flow  from  the  cold  antarctic  regions  northward,  and  It 
ftma  probable  that  the  petroleum  deposits  of  Peru  and  Bquadar  may  have 
originated  In  some  Kuch  manner  as  that  suKgested  above. 

An  attempt  has  been  made  to  apply  the  theory  to  tbe  explanation  of  petro- 
Ipnni  deposits  of  marine  origin  In  other  parts  of  the  world,  but  a  lack  of  , 
knowledge  of  all  the  circumstances  has  thus  far  prevented  progress. 

Presented  without  notes. 
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aBKBKAL  OSOLOOT  OF  THE  BA}/  JOBS  d.VD  UQVUT  BAUILTON  QnADRASQLBB 
BY  E.  C.  TBMPLBTON 

(Ahstraci) 

The  oldest  exposed  rocke  on  tbe  San  Joa6  aad  Mount  Hamilton  quadranglefi 
belong  to  tbe  E'ranclBcan  series  and  i-onslst  of  sandstones  and  xbeles.  with  au 
occasltmal  bed  of  heavy  coaglomerate ;  of  Jaspers  and  of  the  typical  metamor- 
pblcB  (glancophane  scblat  and  gneiss  and  greenstone),  which  occur  In  small, 
widdy  distributed  areas.  A  large  proportion  of  the  sandstones  and  shales  are 
Bcblstose  Id  appearance,  although  conaiderable  areas  of  unaltered  portions  of 
these  beds  exist.  The  total  thli-kness  of  the  Franciscan  series  represented  in 
between  15,000  and  20,000  feet.  This  series  occurs  principally  east  of  the 
CalaTeras-Snnol  fault. 

Tbe  KnoxTllIe  beds  overlie  tbe  Franciscan  unconfonuably,  They  consist  of 
shale,  conglomerate,  and  sandatone,  carrying  Aucella  plochi  nod  Aucella  cras»i- 
collU.    Their  total  thickness  Is  about  10,000  feet. 

The  lowest  Miocene  sandstone  belongs  to  the  Temblor  phase  of  the  Monterey 
series  and  refts  nnconforroably  on  the  Franclscun,  tbe  KnoivlUe  beds  being 
here  lacking.  It  has  an  abundant  fauuu,  typically  Temblor,  Its  thickness  U 
about  1,000  feet.  Overlying  It  Is  tbe  Monterey  shale,  hard,  llgfat-colored,  and 
flIllceouB,  with  a  thickness  of  about  1,200  feet  West  of  tbe  Calaveras-Sunol 
fault  this  shale  rests  nnconformably  on  the  Knoxvllle,  with  the  Lower  Mio- 
cene satidstone  beds  lacking. 

The  Monterey  shale  Is  overlaid,  apparently  conformably,  by  a  thickness  of 
about  S.SOO  feet  of  sandstone,  with  a  typical  Temblor  fauna.  Above  this,  with 
a  alight  unconformity  separating  them,  Is  a  red  conglomerate,  with  a  thickness 
of  l,S0O  feet.    It  Is  doubtfully  Santa  Margorita. 

A  great  uncmformlty  separates  tbe  earlier  beds  from  the  fresh-water  Santa 
Clara  beds,  which  have  a  wide  distribution  west  of  the  Calaveras-Snnol  fault. 

The  mountains  of  the  San  Jose  and  Mount  Hamilton  quadrangles  ere  highly 
folded  and  considerably  faulted.  Tbe  Calveras-Sunol  fault,  which  cuts  through 
Calaveras,  Halls,  and  San  Felipe  valleys,  divides  the  reglcm  Into  two  areas. 
wbl<;h  are  geologically  almost  distinct  The  ridges  on  the  two  sheets  are  prin- 
cipally synclinal,  and  the  valleys  anticlinal  or  fault  valleys,  with  tbe  excep- 
tion of  the  Banta  Clara,  which  appears  to  be  a  great  syucllne. 

PreBented  vithont  notes;  illustrated  bj  maps,  geological  sections,  and 
geological  colnmne.     Discussion  by  Clark,  Louderback,  and  LawBon. 

IROlf-ORS  DEPOSIT  AT  BARTH.  XBVADA 

BT  J.  CLAUDE  joinca 

(Airtraet) 

The  Barth  deposit  of  Iron  ore  Is  a  large,  irregular  mass  of  hematite  Inclosed 
In  a  basic  andestte.  The  banging  wall  contact  Is  usually  sharply  deftned,  al- 
though some  slipping  has  taken  place  between  the  ore  and  the  andeslte.  In 
places  tbe  contact  Is  quite  Irregular  and  the  hanging  wall  pitted  as  If  cor 
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roded  by  tbe  ore*bearing  solutlontt.  Mnny  nnxulHr  fru^iipnta  oF  the  audeslte 
bave  been  Included  In  tbe  ore  uear  the  foot  ivull  and  ramifying  veins  of  ore 
extend  out  i»lo  tbe  andeHlle.  Many  of  tlie  enialler  fragiuenta  of  andenlte  have 
beMi  altered  to  pblogopite  and  oocaaional  veins  of  tbe  latter  occur  iu  tbe  ore. 
Apatite  In  microscopic  crystalx  la  dlseeiulnated  through  tbe  ore  body,  and  near 
Uie  foot  icall  Ih  often  H^regated  in  nodulex  aud  amall  velnH.  Liuionlte,  cal- 
clte.  and  quartz  of  Bwondary  orlftln  nrp  the  only  other  minerals  occurring  In 
tbe  ore.  The  ore  body  la  evidently  a  uietiiBomatlc  replacement  of  the  andeelte 
bj  bematlte,  magnetite,  aud  apatite  Introduced  by  heated  solutiona  Intimately 
connected  with  Igneous  activity  and  presuinably  closely  following  the  eolldlfl- 
nitlon  of  tbe  andeslte. 

Presented  in   abstract   from   notes.     Discussion  by   Louderback   and 
fiogerB. 

^  TKNTbRA   COUXTT  OIL  FIELDS 

BT  BOBEBT   W.    UOBAN 

{Abstract) 

Tbe  paper  dealt  with  the  stratigraphy  and  some  structural  details  of  tbe 
region.    It  also  toucbed  on  the  possible  origin  of  tbe  oil. 

Presented  from  notes ;  illustrated  with  maps  and  lantern  slides.  Dis- 
cussion by  liouderback  and  Clark. 

THE  OLDEST  F088IL8 
BY  AHDBEW  C.  LAWBOIf 

Sead  from  manuscript,  and  illustrated  by  maps  and  specimens.    Dis- 
cussion by  Bnumer  and  Merriam. 
Published  in  Memoir  No.  28  of  the  Geological  Survey  of  Canada,  1913. 


The  meeting  adjourned  at  5.45. 


ANS0AL   DINNER 


Friday  evening  at  6  o'clock,  at  Stanford  Inn,  the  section  held  its  an- 
nnal  banquet  in  conjunction  with  the  Le  Conte  Club  and  the  Paleonto- 
lo^cal  Society.    After  the  dinner  the  following  paper  was  presented  and  * 


TII — Bdu.  Oiol.  Boc.  Au.,  Tol.  24,  191.2 
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BY  asOSOK   D.    LODDdtBACK 

(Abilract) 

The  lower  western  elope  of  tbe  Sierra  Nevada  la  cbaractertzed  by  remnrk- 
Able  linear  extent  aud  compRratWe  regularity  of  relatively  tbin  belts  of  etratn 
of  tbe  "Bedroeh  ('omplei."  The  bearlug  of  this  on  the  interpretation  of  tbe 
structure  was  pointed  out  Criteria  for  Judging  tbe  differeDt  types  of  folding 
In  a  practically  Isoclinal  complex  were  dlscusaed,  and  tbe  conelUBlon  was  ar- 
rived at  that  the  major  stnicturee  of  tbe  "Bediwck  Complex"  are  of  a  com- 
paratWely  simple  nature,  much  more  simple  than  previously  considered.  The 
probable  nature  of  folding  was  indicated,  and  metbods  of  testing  bypotbesls  In 
field  proposed.  '^ 

Presented  from  notes,  and  illustrated  by  maps  and  diagrams.  Dis- 
cusBiDn  by  Lawson,  J.  P.  Smith,  Merriam,  and  Clark. 


R>wiflTEE  OF  THE  Stanford  TJnivehsitt  Meetikg 

fBLLOWS 

p.  M.  Akderson  a.  C.  Lawson 

J.  C.  Branneh  G.  D.  TjOCDerback 

ti.  p.  Drake  J.  C.  Merriam 

A.  S.  Eakle  J.  A.  Taff 

Visitors  and  other  geologists  taking  part  in  the  meeting  were: 

C.  L.  Baker  Q.-E.  Postua 

E.  P.  Caret  W.  G.  Eked 

B.  Clark  A.  F.  Rooers 

C.  B,  CuNViNOHAM  D.  T.  Smith 
E.  G.  Gatlord  J.  P.  Smith 
G,  C.  Gehteb  W.  Staldek 

R.  S.  HoLWAY  E.  C.  Templeton 

J.  C.  Jones  C.  E.  Weaver 

B.  Marti.v  G.  a.  Wilcox 

R.  W.  Moran  H.  O.  Wood 

There  were  also  present  a  number  of  students  and  other  visitors. 
Altogether  the  attendance  was  as  follows:  Friday  morning  meeting, 
38;  Friday  afternoon  meeting,  43, 
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Sebbion  of  Monday,  Decembkh  30,  1912 

President  David  White  called  the  Society  to  order  at  10  o'cloi'k  at 
the  opening  eeBBion,  Mondav  morning,  December  30,  1SI12,  in  I;amp80ii 
Hall  of  Yale  University.  Following  some  introdiieiory  remarks  the 
President  called  for  the  first  matter  of  biiBinexe  on  the  program,  the 
n-port  of  the  Council,  which  was  read  by  the  Secretary. 

REPORT  OF   THE    COINCIL 

To  Ike  Paieoniological  Society  in  Fourth  Annual  Mepfing  aMC.ml-leA: 

The  regular  meeting  of  the  ('ouncil  was  held  at  Washington,  11.  C, 
inmiedjately  following  the  adjournment  of  the  Society,  on  December  .tO, 
1911.  Since  this  meeting  all  busine.ss  of  the  Society  has  been  arranged 
as  heretofore,  by  correspondence.  The  details  of  adminietration  for  tlie 
Society's  fourth  year  are  presented  in  the  following  reporis  of  officers: 

SECKCTAIIY'S  ItEPOBT 

To  the  Coumil  of  tht-  Paleonlalogtcnl  Soctelg: 

Meetings. — The  proceedings  of  the  third  annual  meeting  of  the 
Society,  held  at  Washington,  D.  C-  December  28  to  30.  lilll.  have  k'en 
published  in  volume  23  of  the  Bulletin  of  the  (ieologicnl  S:Hiety  o! 
America,  pages  77-92,  and  distributed  to  the  members  of  the  Socicly. 
Other  publications,  including  the  symposium  on  vertebrate  paleontology, 
have  also  been  sent  to  the  members. 

I'pon  the  adjournment  of  the  Washington  meeting  the  newly-electeil 
Council  held  itfi  first  meeting  and  prepared  a  list  of  offiecrs  for  1!)13. 
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The  Couijc"U'K''J)fopose<l  ballot,  with  the  anDouiioement  that  the  fourth 
annual. me^tfng  of  the  Society  would  occur  at  New  Haven,  Connecticut. 
_  at'tlvs^vitation  of  the  New  Haven  members,  waa  forwarded  to  the  mem- 
'.':iir4  on  March  15,  1912. 

, '  Memberghip. — During  the  past  year  the  Society  has  lost  one  of  its 
correspondents  by  death,  Prof.  E.  Koken,  of  the  University  of  Tiibingen. 
Two  reslpnations  have  occurred.  The  twelve  candidates  elected  at  the 
third  anoual  mooting  have  hecn  added  to  the  membership,  and,  upon 
request,  two  Fellows  of  the  geological  Society  of  America,  fl.  H.  Chad- 
wick  and  L.  W.  Stephenson,  were  placed  on  our  rolls  with  the  approval 
of  the  Council.  The  present  enrnllment  of  the  Society  is  135.  Seven- 
teen candidates  are  before  the  Society  for  election  and  five  applications 
are  under  coneidcration  by  the  Council. 

At  this  year's  election  for  Fellows  in  the  Geological  Society  of  Amer- 
ica menihera  Charles  Butts  and  Edwin  Kirk,  o£  tbe  Paleonlological 
Society,  were  elected  to  Fellowship  on  the  nomination  of  individual 
Fellows  of  the  two  Societies. 

Committee  on  Piibliration  Fund. — At  the  AVashingtou  mcetiug  Dr. 
Charles  D,  Walcott  and  Prof.  Charles  Schnchcrt,  the  latter  as  chairman, 
were  appointed  a  committee  to  secure  a  publication  fund.  This  com- 
mittee reports  that  it  has  not  yet  suc'ceeded  in  raising  such  a  fund  or 
in  making  any  progress  toward  a  publication  for  the  Paleontological 
Society.  The  chairman  has  asked  that  the  committee  be  retained  for 
another  year,  to  which  the  Council  has  agreed. 

Publication  of  Abstracts. — As  it  has  been  inexpedient  heretofore  for 
various  reasons  to  publish  abstracts  of  papers  offered  for  prefteutation  at 
the  meetings  and  impossible  to  print  all  the  papers  submitted,  the 
Council  voted  to  print  all  abstracts  in  the  Proceedings.  The  Secretary 
therefore  has  introduced  all  the  abstracts  submitted  in  the  present 
minutes. 

Pacific  Coast  Section.—The  Secretary  of  the  Pacific  Coast  Section 
of  the  Society  reports  that  their  third  annual  meeting  was  held  in  the 
(-cology  Building  at  Stanford  University,  California,  on  Saturday,  .\pril 
(1.  1912.  with  President  J.  P.  Smith  pn-siding. 

The  minutes  of  this  meeting  are  printed  on  pages  126  to  138  of  this 
Bulletin, 

HeBpittfulIy  submitted. 

R.  S.  Bassleb, 

Secretartf. 

Wasiiinotom,  p.  C,  December  2Ct,  1912. 
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Tkeabcmeb's  Repoki 


To  Ike  Council  of  the  Paleontological  Society: 

The  IVeasurer  begs  to  submit  the  following  report  of  the  flnanccB  of 
ihe  Society  for  the  fiscal  year  ending  December  21,  1912: 

UCK1PT8 

Casli  on  hand  December  21.  1911 1183.07 

Dues  (with  arrears)  from  EtS  members 171.00 

K&i.m 

KZPEHMTUBXS 

Treasurer's  office: 

Postage  13.79 

BxpwtmMSe  .46 

SnivUes  6.3S 

110.50 

Secretary's  office: 

Expenses,  1911 $60.45 

Secretary's  allowance  for  clerical  help SO. 00 

100. « 

Geological  Society  of  America : 

125  separatee  from  Tolume  23,  part  I $3.00 

Excess  corrections  on  Symposium 27.00 

Symposium  separates 25.66 

66.26 

Dues  returned  to  one  member  (Fellow  G.  B.  A.) 8.00 

170.29 

Balance  on  hand  December  21,  1912 183.78 

$354.07 

.Vet' increase  In  funds ^         .71 

Outstandli^  dues,  .f 18.00 

Respectfully  submitted. 

EiCHABD  S.  Loll, 

Treasurer. 
Xew  Haven,  Connecticut,  December  26,  1912. 

APPOINTMENT   OP   AUDITINO   COMMITTEE 

Upon  motion,  W,  A.  Parks  and  W.  J.  Sinclair  were  appointed  as  a 
committee  to  audit  the  Treasurer's  accounts. 
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ELECTION'    OF    OFFiCEUB    AND    MKMBF.mi 

The  declaration  of  the  vote  for  oPficere  for  1913  and  Tor  members  was 
the  next  matter  of  business  and  was  announced  by  the  Secretary  as 
follows : 

OFFICERS  FOR  ms 

President : 
CuxHLKH  i>.  Walcott,  Washington,  D.  C. 

First  Virc-I'resident: 

H.  H.  Williams,  Ithaca,  N.  Y. 

Serond   Vic-President : 

U.  I{.  WiKLAND,  New  Haven,  Conn. 

Third  Vice-President: 
Basiiford  Dean,  New  York  City. 

Secretary : 
B.  S.  Bassler,  Washington,  D.  C. 

Treasurer: 
Richard  S.  Lull,  Kew  Haven,  Conn, 

Editor: 
Charles  E.  Eastman,  Pittsburgh,  Pa. 


Chableb  L.  Bakeb,  L'uiverslty  of  California.  Berkeley.  Cal. 

Paul  Babtsch,  U.  S.  National  Mndeum,  Washington,  D.  C. 

TnoiiAB  A.  BosTwicK,  43  Livingston  Street,  NewHaven.  Conn. 

John  P.  Ruwalda.  N'orth  Yaklmn.  Wash. 

Bruce  L.  Ciark,  University  of  California.  Berkeley.  Col. 

ItoT  E.  I>icKBRBON.  131>0  VlftU  Avenue.  San  Francisco,  Cal. 

NoftUAN  McDowell  (iRieb,  Yale  Unlver^ty  Mnsenm.  New  Haven.  Conn. 

Harold  Hannibal,  University  of  Washington  Museum,  Seattle,  Wash. 

J.  C.  Hawveb.  Auburn.  Cal. 

Otto  E.  jEnnmas,  Camegle  Museum,  Plttsbnrgli,  Pa. 

W.  S.  W.  Kcw,  San  Diego,  Cal, 

Bbuce  Mabtir.  Universitj-  of  California.  Berkeley,  Cal. 

G.  B,  MooBV,  2G!i'2  CulleiK  Avenue,  Berkeley,  Cal. 

W.  O.  Moody,  2Ki2  College  Avenue.  Berkeley,  Cal. 

UOBERT  B.  MoBATi.  Palo  Alto,  Cnl. 

John  R.  Fembebivn,  Ilydrograpbic  Survey,  Argentina. 
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ABSTRACTB  OF  PAPERS  PBESEXTED 


NOirNCEMENT  AS  TO   PBESEXTATION   ( 


The  Chair  then  announced  that  following  the  request  of  some  of  the 
members,  and  on  account  of  the  length  of  the  program,  the  more  tech- 
nical papers  dealing  with  vertebrate  paleontology  would  be  read  in  8 
separate  section  later  in  the  day  and  that  ^he  remainder  of  the  morning 
session  would  be  devoted  to  papers  upon  general  paleontology  taken 
up  in  the  following  order: 

The  following  paper  waa  presented  by  the  author  from  manuscript 
and  illustrated  with  lantern  slides;  30  minutes.  Discussed  by  A.  W. 
(■rabau  and  Charles  Schuchert. 

ALPBBva  HTATT  AND  HIS  PRINCIPLEB  OF  RESEARCB 


(Abatraet) 

Professor  Hj'att'H  penwanlltj-.  Stagen  In  development  from  the  egg  to  tlie 
adult  and  old  age;  the  most  Important  basis  for  pbylogenetlc  work.  Clasaifl- 
ratlon  of  stages ;  a  convenience  in  exact  description.  Acceleration  of  develop- 
ment; an  explanation  of  liow  stages  come  to  occur.  Seaescence,  a  period  In 
life  history  much  overlooked ;  of  prophetic  significance.  Colonial  stages  and 
localised  stages  lii  developnient ;  the  natural  outcome  of  Hyatt's  work  as  ad- 
vanced by  bis  followers.  Parallellem ;  the  taking  on  of  similar  structural 
forms  on  Independent  lines ;  an  aid  and  a  danger  to  the  pbylogeulst.  Larval 
adaptation ;  special  features  built  up  as  youthful  adaptations  and  not  of  phy- 
k>genetlc  significance. 

The  next  paper  was  presented  without  manuscript  and  illustrated 
with  lantern  slides ;  30  minutes. 

SEBTOSATION  OF   TERTIARY  HAiliSALS 
BY  WIIXIAU  B.  SCOTT 

{Abitract) 

A  drawing  of  a  fossil  animal  restored  In  the  flesh  Is  not  an  entirely  Imag- 
InaiT  thing.  The  bones  of  the  skeleton  show  clearly  ttie  points  of  origin  and 
Insertion  of  the  muscles  which  define  the  txidy  contours,  and  by  the  size,  shape, 
degree  of  roughness,  etcetera,  of  these  points  of  attacbnient,  a  fairly  good  Idea 
of  the  «lze  of  the  muscles  producing  them  may  be  gained.  Consequently,  by 
sketching  the  outlines  of  these  muscles  on  a  drawing  of  tbe  skeleton,  giving 
tbem  cODtoors  proportionate  to  tbe  parts  tbey  bave  to  move,  a  fairly  accurate 
idea  of  tbe  body  outlines  of  the  fossil  animal  may  be  obtained. 

Tbe  presence,  absence,  length,  and  color  of  tbe  hair  on  tall  and  body,  the 
color  pattern,  tbe  shape  of  tbe  ears  and  of  the  lljis  and  nofe  are  characters 
whicb  cannot  be  deduced  from  the  skeleton  and  are  largely  conjectural  In  our 
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restorations  of  fosall  maiamalB.  Ar  tbe  jouDg  of  manjr  mammals  are  striped 
or  spotted,  becoming  solidly  colored  later  In  life,  we  mar,  perbaps.  Infer  that 
tlip  earlier  forms  in  these  cronpH,  geologlciUly  F|>eakliiK,  were,  on  tbe  r)rl:iclple 
of  recapitnlatlon,  striped  or  spotted. 

The  next  paper  was  read  by  the  author  from  raanuscript  aiid  illus- 
trated with  photographs ;  30  minutes. 

PALBOXOIO  ARACUMDA—BCORPIOSS   AND   SPIDERS 
BS  ALEXAffDEB  PETBUNKEVITCil  * 

(Ah»irttct) 

One  hundred  and  cme  speclmenn  of  Pnleozole  Araclinldu.  maiiilr  from  Mason 
Creek,  III.,  were  studied  and  found  to  belong  to  forty-two  spet-tes  distributed 
over  twenty-flve  genera,  of  which  twenty-four  spetieB  and  eleven  genera  are 
new  to  wleace.  A  repretM?iitntlve  of  the  onler  RoIiruKie.  heretofore  not  kuowu 
from  tbe  Paleozoic,  has  been  found  In  PrDiamilpuga  carbonaria.  A  new  order, 
Kuittaractinie.  bad  to  be  estubllMlied  for  tbe  tbree  i<|)ecle8  of  the  genus  Kusta- 
racbne.  All  forms  studied  show  tlie  high  development  wblrb  the  Aractiuida 
bad  attained  already  at  tbat  period  and  suggeHt  the  I'nibablllty  of  pob'pbyletk- 
origin.  A  comparison  with  tbe  Euroiteau  C'arboiiiferoux  fauna  shows  tbat  tbe 
American  forms,  wblle  closely  related,  are  diMtluct  from  the  European  species. 
Moreover,  they  are  more  related  to  tbe  re<«nt  tropical  fauna  than  to  tbe  fauna 
of  tbe  moderate  sone. 

Before  the  adjournment  of  the  morning  eession,  whieh  occurred  at 
12.30  p.  m..  Professor  Sehuehert  announced  the  gift  to  the  Society  by 
members  John  M.  Clarke  and  Kiidotph  Ttucdemann  of  their  inonogrnph 
on  the  Eurypterida  in  two  volumes,  which  had  just  come  from  the  press. 
The  volumes  were  exhibited  and  placed  for  more  detailed  examination 
in  the  adjoining  ex  hi  bit  ion- room. 

PRESIDENTIAL    ADDHK.S,S 

At  2  p.  m.  the  memberB  met  for  the  afternoon  session,  with  the  ad- 
dress of  the  retiring  President.  Prof.  William  B.  Scott,  first  on  the 
program.     Profesgor  Scott  chose  for  his  subject 

THE  PERMAXE\CV  OF  THB  CltXri\KSTS  A\D   ftCEASB 

Following  the  presidential  aildrcss  a  paper  by  Professor  T^omis,  trans- 
ferred from  the  program  of  the  (roological  Society  of  America,  waa 
presented  by  the  author  without  manuscript  and  illustrated  by  charts; 
20  minutes.    Discussed  by  W.  B.  Scott  and  W.  J.  Sinclair. 

>  iDtroduced  by  Cbarl«e  Scbucbrrt, 
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ORGANIZATION    OF   SECTION    ON    VHKTEBKATE    PALEONTOLOGY 

The  membore  of  the  Society  espwially  interested  in  vertebrate  paleon- 
tology now  organized  a  section  for  the  reading  of  tlieir  more  technical 
papers,  meeting  apart  from  the  main  section,  which  continued  with 
the  papers  on  general  paleontology  and  stratigraphy.  The  minutes 
of  the  vertebrate  section  are  given  on  pages  117  to  121, 

The  following  pajwr  wag  presented  without  notes  and  illustrated  by 
lantern  slides  and  diaj;rams;  20  minutes.  Discussed  by  A.  W.  (Jrabaii, 
R.  S.  Bassler,  E.  0.  Ulrieh,  W.  A.  Parks,  A.  F.  Foerate,  G.  H.  Chadwick, 
and  M.  Y,  Williams. 

TUB  CATARACT:  A   XBW  FORMATION  AT  THIS  OAHIS  OF   THE  HILUKIC  l!f 


BY  CHABLE8  SCHOCHEBT 

{Abstract) 

It  WBH  sbowD  tbat  tbe  Medina  formation  of  western  New  Tork  is  not  at  the 
base  of  the  SIIuHf,  but  tbat  fully  50  feet  of  tbe  Medlua  at  Niagara  Falls  be- 
long to  a  new  formation,  named  tbe  Cataract  from  Cntnrnct.  Ontario,  wbere 
It  is  well  developed  (82  feet  tbiek)  and  replete  wltb  fossils.  Tbe  Cataract 
formation  was  traced  from  Niagara  Falls.  New  Tork,  to  tbe  Manitonlln  laiands, 
wbere  it  is  110  feet  tbick,  tbe  lower  j>ortlon  (45  feet)  consisting  of  tbin-bedded 
magneslan  llmestoDe,  and  tbe  upper  of  red  stialea  barren  of  foesita. 

On  account  of  the  similarity  of  subjects,  Mr.  Ulricb's  paper  on  the 
Medina  problem,  transferred  from  the  Geological  Society  of  America, 
was  voted  next  on  the  program.  It  was  read  from  manuscript  and  illus- 
trated with  charts;  30  minutes.  Discussed  by  A.  W,  Grabaii,  G.  H. 
Chadwick,  and  A.  F.  Foerste,  with  reply  by  the  author, 

THE  UEDIXA   PROBLEM 
BY  E.  O,  CLSIOB 


A  brief  biatory  of  ttke  Medina  sandstone  was  first  presented,  special  empbaela 
being  placed  on  the  definition  given  by  Vanuxem,  wlio  referred  tbe  Oneida  to 
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tbe  baae  of  tbe  Clintoa,  bence  above  tbe  true  Medina,  ao  arrangement  wblcb 
the  present  autbor  indorses.  Tyjilcal  RectlonB  in  New  York  and  following 
tbeee  tbe  gectlona  corresponding  In  general  wltb  tbe  Medina  in  the  Appaliicblan 
Valley  from  central  Pennsylvania  to  east  Tennessee,  In  central  Alabama,  Oblo, 
Indiana,  and  southern  Illinois,  were  briefly  discussed  and  the  beds  correlated. 
The  evidence  presented  by  tbe  autbor  was  believed  to  establish  that  the  CUncb 
sandstone  of  Tennessee  la  tbe  eiiuivnlent  of  tbe  Tuscarora  In  Peunsylranta 
and  In  general  also  tbe  equivalent  of  the  upper  part  of  tbe  Medina,  beginning 
wltb  tbe  Whirlpool  sandstone  In  New  York,  It  was  sbown  further  that  tbe 
horizon  of  the  Arthroiihycug  harlani  Is  at  tbe  top  in  each  case  of  the  men- 
tioned formations.  It  was  recommended  that  tbe  term  Clinch  be  adopted  In 
place  of  Tuscarora  throughout  the  Apiialachlan  Viiltey  for  the  Upper  Median, 
and  that  the  term  Juniata  should  be  adopted  in  New  York  as  well  as  in  Penn- 
sylvania and  perhaps  elsewhere  In  the  Appalachlnn  Valley  for  the  Lower 
Medina,  displacing  the  Queenstown.  The  correlation  of  tbe  Upper  Medina  IB 
based  on  an  aggr^ate  of  over  TS  species  of  fossils,  a  very  large  portion  of 
which  are  new.  It  was  further  recoiu mended  that  the  term  Medina  be  re- 
tained In  its  original  sign  I  Sea  nee,  thus  making  It  today  a  series  term,  equiva- 
lent In  rank  to  tbe  Nlagaran  and  divided  like  It  into  two  groups.  Inasmuch 
as  tbe  Lower  Medina  is  equivalent  to  tbe  greater  part,  if  not  the  whole,  of  tbe 
Richmond,  the  latter  name  becomes  the  time  term  for  tbe  lower  group  BDd 
possibly  Anticostl  for  the  upper.  Finally  It  was  shown  by  fossil  and  stratl- 
grapblc  evidence  that  tbe  typical  Rockwood  formation  of  southeaatem  Tennes- 
see Includes  representatives  of  the  Juniata  and  of  all  of  the  distinguishable 
meml>erB  of  the  tipper  Medina  In  New  York,  hut  that  it  does  not  Include  bedit 
of  Clinton  age.  The  typical  Rockwood  thus  corresponds  to  the  whole  of  the 
Medina  and  is  distinctly  older  than  tbe  Clinton,  wltb  which  It  bad  been 
hitherto  correlated. 

At  5.15  the  Society  adjourned  for  the  day.  In  the  evening  the  mem- 
bers took  part  in  the  annual  dinner  with  the  Fellows  o£  the  Geological 
Society  of  America, 

Session  of  Tuesday,  Dkcbhber  31 

Tuesday  morning  the  Society  was  called  to  order  by  the  President  at 
9.30  o'clock  and  the  Auditing  Committee 'was  called  upon  to  report  as 
the  first  matter  of  business.  This  committee  stated  that  the  accounts 
of  the  Treasurer  were  found  to  be  correct;  whereupon  it  waa  voted  "that 
their  report  be  accepted.  Vice-President  liiiedemann  then  took  the 
chair  and  announced  that  the  rest  of  the  session  would  be  devoted  tn 
the  completion  of  the  papers  on  general  and  invertebrate  ]»aloontolo^- 
and  stratigraphy  and  paleobotany. 

The  following  paper  was  tlion  presented^  by  the  author  without  notes 
and  illustrated  by  drawings;  .30  minutes.  Discussed  by  H.  S.  BasAler. 
with  reply  by  the  author  and  by  E.  S.  Lull,  T.  C.  Brown,  and  H.  T. 
Jackson : 
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iAbBtract) 

1.  Polyphuletlc  genera. — Tbe  genne  Fblllpflnatrffia  among  tlie  Paleozoic  corals 
Is  a  complex  of  at  least  tbree  genetic  xerleii  of  wtilcb  Its  species  represent  the 
end  members.  Tbe  first  Is  tbe  typical  group,  derived,  as  Frecb  has  shovu, 
from  Acerrularlan  < Prisma topb? Hum)  ancestors.  Tbls  group  Is  essentlalli- 
E^opean,  tiavlng  emigrated,  however.  Into  western  North  America.  The 
second  group  appears  to  be  a  derivation  from  Strombodes,  and  includes  the 
typical  Onondaga  species  of  eastern  North  America,  such  as  P.  gigas  BIIHdkb. 
etcetera.  A  third  group  is  apparently  derived  from  the  compound  Heliopliyl- 
lums,  and  Is  represented  hy  P.  billinggi  ot  Iowa  and  Michigan.  Other  Uiustra- 
tions  will  be  given  from  Ilellopliylluni.  etcetera. 

2.  An  illuilration  of  Waagcn's  thcorg  of  mutation. — Among  tbe  forms  classed 
Icwether  under  tbe  Linnsan  si)ecle8  Spiriff.r  mucronulut  are  nt  least  Are  dls- 
tlDct  mutations,  occurring  with  constant  diameters  In  various  horizons  of  the 
Middle  Devonlc  of  North  America.  Each  of  these  would  be  considered  a  sep- 
arate specific  group  If  occurring  alone.  In  each  group  there  Is  further  an 
ortbogenetlc  series  showing  progressive  modlScatlous  In  definite  directions 
within  the  same  geologic  horizon.  These  would  constitute  tbe  variations  of 
Waagen,  but  are  better  considered  as  submutatlons,  since  they  also  represent 
definite  modifications. 

The  vertebrate  flection  of  the  Society,  having  completed  its  program, 
DOW  met  with  the  general  section.  The  paper  on  Cuban  Fossil  MammalB. 
by  W.  D.  Matthew,  before  the  vertebrate  section,  proved  of  such  general 
interest  that  upon  motion  of  the  Secretary  it  was  repeated  at  this  point. 

aVBAS  FOBBIL  UAStUALS;  PRBUillSARV  SOTE 
BY  W.  Ok  MATTHEW 

Preeented  without  notes  and  illugtrated  by  drawings  and  specimens; 
10  minutes.  DiscuBsed  by  CharlcB  Schuchert,  G.  F.  Eaton,  H.  S.  Lull, 
and  W.  D.  Matthew.    An  al>atract  of  this  paper  is  presented  on  page  118. 

The  following  paper  was  then  read  for  the  author  by  A.  F.  Foerste 
and  illustrated  by  charts;  00  minutes.    Discussed  by  K.  S.  Basslcr: 


NOMXNCLATVfiB,  STRVCTVHE.  AND  CLA88IFICATIOS  OF  THE  CREUACBIXIDjB 


Tbe  paper  aims  primarily  to  clear  np  tbe  tremendously  Involved  Bynonymy 
of  a  group  of  crinolds  hitherto  commonly  known  as  the  Cslceocrlnlds,  It  being 
(bowD  that  the  term  Calceocrlnus  was  never  properly  established.    As  it  bas 
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always  becD  mtslnterpreted  and  la  liable  to  conttnue  to  be  misinterpreted,  tbe 
name  la  dropped  flnally  and  (be  term  Cremacrlnldie,  proposed  b;  nirlcb  In  1886. 
Is  nsed  In  its  atead.  A  review  of  tbe  evidence  led  to  an  Investigation  of  tbis 
group  of  ciinolda  aa  a  whole,  wltb  tbe  result  tbat  a  reclasslllcatlon  was  found 
to  be  necessary.  Of  tbe  sevenor  elgbt  genera  previounly  suggested  or  recog- 
nized, all  but  three  were  discarded  on  the  ground  of  preoccupation  or  actual 
Bfnonyma.  Under  the  searching  and  comprehensive  treatment,  however.  It  be- 
came necessary  to  institute  six  previously  undescrlbe*!  genera.  These  studle*, 
which  Included  tbe  type  specimens  of  all  the  species  available,  were  based  In 
large  part  upon  tbe  extraordinarily  complete  representatives  of  the  family  In 
tbe  Frank  Springer  collection. 

The  next  paper  woe  presented  without  notes  and  illustrated  by  lantern 
siideB;  20  minutes.    Discussed  by  P.  E.  Raymond. 

RICHUOSD  FOBilATIOyS  C 


(Abstract) 

Richmond  formations  are  widely  extended  throughout  Ontario  and  Quebec, 
but  belong  chiefly  to  two  horizons  couipHrable  wltb  the  Waynesvllle  and  Saluda 
of  Clndnnatlan  areas.  The  Queenstown  shales  are  of  Ordovlclon  age.  South 
of  Georgian  Bay  they  contain  a  Saluda  fauna.  Farther  westward,  on  Manl- 
tonlln  Island,  tbe  Queenstown  shales  are  represented  by  much  more  fosalllfer' 
ous,  blue  and  light  brown  limestones  and  cloys.  Paleozoic  seas  probably  trav- 
ersed the  areas  now  mapped  as  Htiroulun  nuil  Archean.  There  are  traceH 
of  the  Richmond  fauna  of  AntlcostI  on  Snake  Island.  In  Loke  St.  John,  nnd 
at  various  localities  between  Ottawa  and  Three  Rivers,  but  theee  traces  are 
not  sufficient  to  suggest  an;  free  connection  with  tbe  AntlcostI  area.  The 
Saluda  may  have  been  part  of  a  drcumpolar  fauna.  The  Waynesvllle  appears 
to  have  entered  Ontario  and  Quebec  chiefly  from  tbe  Clndnnatlan  areas  of 
Ohio  and  Indiana. 

In  the  absence  of  the  author  the  next  paper  was  read  by  R.  S.  Sassier 
and  illustrated  by  photographs ;  30  minutes. 


ORIHOID   QBSVB  BOYPB0ORIXV8  AND  ITS  BVLBOVH  ROOT  OAMAROCRllfUB 
BT  TR4ITK  SPKinOEB 

nils  paper  Is  based  chiefly  upon  a  remarkable  collection  of  specimens  which 
tbe  author  considers  to  be  specifically  Identical  with  Scj/phocrinu*  elegont  of 
Zenker  from  Bohemia.  The  material  was  obtained  during  the  past  season  In 
Helderbergian  strata,  near  Cape  Girardeau,  Missouri,  and  consists  of  numerooi 
finely  preserved  crowns  of  great  size— some  IS  Inches  In  length — Intennlugled 
wltb  a  mass  of  long  stems,  and  many  of  the  chambered  bulbs  heretofore  de- 
scribed as  Camarocrinus  all  formed  part  of  a  large  colony. 
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Tile  evidence  Is  held  to  prove  beyond  doubt  not  only  tbat  Camarocrinut  1b 
tba  bnlbona  dletal  end  of  tbe  stem  of  ScvpAocriniH,  but  tbst  It  served  as  a 
root  for  permanent  or  temporary  fixation  ot  tbe  crlnold  to  tbe  sea  bottom,  and 
was  not  a  float,  as  bltberto  supposed  by  authors  generally.  Tbe  paper  will 
be  publlsbed  In  tbe  near  future,  witb  ample  Illustrations. 

The  last  paper  of  the  morning  seBsion  was  presented  without  mBnu- 
BCTJpt  and  illustrated  by  charts;  2U  minutes. 

CORK  EL  ATI  ox  C 


(Abitracl) 

The  Trenton  of  Ontario,  with  Its  large  and  varied  fauna,  dlffera  markedly 
from  the  Trenton  of  Quebeo,  whlrb  has  a  comparatively  small  fauna,  made 
up  largely  of  cosmoiiolltaQ  npecleti.  Further,  the  frlnold  and  cystld  faunas  of 
the  west  contrast  strangely  with  the  Cryptollthus  fauna  of  the  eoBt.  A  study 
of  tlie  prlncliial  exposures  of  tbe  Trenton  from  Oolllngwood,  on  Lake  Huron, 
to  PIctoti.  ou  Lake  Ontario,  and  Hockland,  on  the  Ottawa  lllver,  showa  that  In 
Ontario  the  Trenton  cnn  be  divlde<l  on  tbe  ImisIh  of  fossils  Into  four  principal 
lones,  one  of  which  Is  younger  than  the  strata  at  Treuton  Falls,  New  York.  A 
Btndy  of  tbe  strata  In  tbe  vicinity  of  Montreal  and  Quebec  shows  that  tbe 
sections  there  contain  three  fauual  taiiea.  two  of  which  are  older  than  tbe 
strata  at  tbe  typical  locality.  A  comparison  Is  also  made  wltb  the  sections  In 
Minnesota  and  Kentucky. 

Tbe  stratigraphlc  relations  of  the  sub-Treuton  strata  In  Ontario  are  next 
discussed.  In  an  attempt  to  sbow  tbat  tbe  Pamella,  LowvlUe,  and  Black  rivers 
are  parts  of  one  group  of  post-Cbazy  age. 

At  12.15  the  Society  adjourned  for  luncheon,  meeting  again  at  2 

o'clock,  with  Vice-President  Ruedeniann  presiding.     The  papers  upon 

general    and    invertebrate    paleontology    and    stratigraphy    were  then 
continued  and  the  following  paper  was  read  by  title : 

THE   ALBXAHDRIAH 

ASD  P 

BT  T.  E.  SAVAOE 

(Abstract) 

Tbe  Alexandrian  series  comprises  a  number  of  early  Silurian  formations 
that  outcrop  at  Intervals  along  both  sides  of  the  Mississippi  River  between 
Cilro,  Illinois,  nnd  Ilaiiuibal,  Missouri,  and  appear  also  In  Will  and  Kankakee 
TOuntles,  tn  northeast  Illinois.  They  occupy  a  position  between  the  Richmond 
below  and  the  top  of  the  Brassfleld  limestone,  and  are  separated  from  tbe 
uoderlyluK  and  overlying  rocks  by  a  sedimentary  hiatus.  The  sequence  of  tbe 
several  formations  from  Iteiow  upward  Isi  Girardeau  limestone,  Edgewood 
limestone,  Essex  limestone,  and  Sexton  Creek   (Brassfleld)    limestone.    Tbe 
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Bowling  Green  limestone,  NoIk  oolite  and  Cbannahati  limeBtone  are  considered 
members  of  tbe  Edgewood  limestone,  representing  local  faclee  of  tbla  forma- 
tion. Tbe  Beveral  formations  are  uDConfontiable  among  tbemaelvea,  bat  tbeir 
faunas  are  closely  allied.  They  are  thougbt  to  bave  been  deposited  In  an 
oscillating  sea  tbat  advanced  aucceaslvely  from  tbe  aouth,  tbe  sediments  of  each 
succeeding  advance  overlapping  tbose  of  tbe  preceding.  The  basin  In  wtilch 
tbey  were  deposited  was  a  rather  narrow  extension  of  tbe  Gulf  of  Mexico 
embayment  toward  tbe  north  and  northeast  During  Bdgewood  time  this  de- 
pression was  deepest  near  tbe  west  side,  having  a  longer  and  more  geatle  slope 
toward  the  east.  Tbe  name  Thebes  Basin  is  proposed  for  this  general  area  of 
sedlmmtatlon  during  Alexandrian  time. 

The  faiuas  of  the  Girardeau  and  Bdgewood  limestone  are  Ognred  and 
described. 

The  next  paper  was  read  from  manuscript ;  10  minutes.  Discussed  by 
Rudolph  Ruedomanii,  Eliott  Blackwelder,  E,  S.  Moore,  Chester  A. 
Heeds,  Gilbert  Van  Ingen,  and  G.  R.  Wieland. 

XOTEB  OS   THE  ORIOIN  OF  CBRTAIS  UPPER  CAUBKIAN  AND  LOWER 

ORDOriCliH  gBDIUBHTS  OF  CEXTER  COUNTT,  PENSaYLVASlA 

BT  THOMAS  a  BBOWN  ' 

iAt)»tract) 

In  tbe  central  part  of  C«iter  County,  north  and  west  of  State  College,  Penn- 
BflTania,  are  exposed  a  series  of  Paleozoic  sediments  of  Upper  Cambrian  and 
Lower  OrdoTlclan  age.  They  consist  of  two  series  of  limestones  separated  by 
a  few  hundred  feet  of  sandstone.  Tbe  limestones  are  in  part  oolitic  and  in 
part  composed  of  pebble-Ilke  structures,  to  which  tbe  name  "Edgewise  con- 
glomerato"  baa  been  applied.  Cbert  bands  are  numerous,  and  many  of  tbe 
oolitic  layers  have  been  almost  completely  replaced  by  silica.  Tbe  sandstone 
conslstfi.Q^  extremely  well  rounded  sand  grains,  which  Indicate  a  peculiar 
origin. 

In  certain  of  the  limestone  layers  are  peculiar  disklike  structures  wblcb 
la  their  section  show  a  banded  or  concentric  structure  and  which  vifSK  prob- 
ably produced  by  calcareous  alge.  TbeIr  position  tn  certain  beds  proves  that 
tbey  conld  not  have  been  produced  as  clastic  structures.  The  structures  of 
tbe  sandstone  and  tbe  nature  of  tbe  component  grains  Indicate  a  wind-blown 
origin. 

The  following  paper  was  read  by  title : 

8PIRIFEROIDB  OF  THE  LAKE   UISSBWAVKA    BECTION,  ALBERTA 


Tosella  are  extremely  abundant  In  tbla  area.    Brachlopods  are  espedally 
consplcuoue,  and  of  these  tbe  splrlferolds  exceed  all  otbere  in  number  of  Indl- 

•  Introduced  by  R.  8.  Bauler. 
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Tidiials  and  In  vertical  range,  extending  Trom  tlie  Intermediate  limestone  of 
tbe  Deronlan.  through  the  great  thk'kneBBeH  of  tUe  Banff  llmeBtoneB  and  Bbales, 
to  the  Rocky  Mountalti  quartzlte  of  tbe  PennsylvaDlan.  A  brief  diBCUBSlon  of 
these  Bpeclea  wtll  be  given,  with  some  notes  on  tbelr  evolution  from  lower  tQ 
bigber  beds. 

The  next  paper  was  read  from  manuscript  and  illustrated  with  charts ; 
^0  minutes.    Discussed  by  H.  S.  fiasalcr. 

CONTBIBUTIONE  TO  THE  BLACK  SHALE  PROBLEU 
BT  CHABIfS  BUTTS 

(Abstract) 

The  Chattanooga  (black)  shale  la  20  to  40  feet  thick  at  Cbattanooga.  it 
thins  southward,  and  at  Birmingham,  Alabama,  la  only  2  or  3  fe«t  thick. 
Northward  the  black  shale  thickens  to  000  feet  at  Cumberland  Gap  and  ap- 
parently 1,500  feet  at  Big  Stone  Gup,  Virginia.  Thirty  miles  northeast  of 
Big  Stone  Gap,  at  Dump  Creek.  Virginia,  Is  au  upper  black  shale  25  feet  thick 
and  a  lower  200  to  300  feet,  with  bottom  not  exposed,  and  between  the  two  la 
1.500  feet  of  green  sbale  and  thin  sandstone,  wblcb  Is  clearly  Chemung  and 
I'ortage,  On  the  west  escariniieiit  of  Pine  Mountain,  In  eastern  Kentucky, 
the  black  shale  Is  800  feet  thick  and  bottom  not  exposed,  with  uo  Cbemuug 
and  Portage. 

The  black  shale  has  always  been  regarded  as  Devonian  until  tliat  identlfl- 
ratiou  was  challenged  In  recent  years  by  E.  O.  Ulrlch.  In  this  paper  It  Is 
shown  that  the  lower  shale  of  the  Dnnip  Creek  nectlon  and  the  lower  part  of 
ibe  black  shale  mass  at  Big  iStoue  Gaji  and  at  lenst  the  lower  300  feet  at 
Cumberland  Gap  Is  Devonian  and  probably  represents  the  Qenesee  ^wle,  while 
tbe  upper  black  shale  in  the  Dump  ('reek  set-tion  may  be  Mlsslgslppian,  and 
ttiat  this  bed  may  be  reprefented  by  the  upper  200  to  300  feet  of  tbe  black 
shale  at  Big  Stone  Gap,  etcetera,  the  Chemung  and  Portage  separatii^  tbe 
two  black  shales  at  Dump  Creek  having  thinned  out.  South  of  Cumberland 
Gap  tbe  Devonian  part  of  the  black  shale  may  lap  out  and  only  the  UKter, 
possibly  Mississippi  an,  part  persist  as  the  Chattanooga  sliale. 

The  next  paper  was  presented  from  notes  by  the  author;  15  minutes. 

NOTEB  O.V  THE  EOCENE  OF  THE  BIO  HORN  BASIS  OF   WYOMIXO 
BT    W.    K.    aaAHQEB 

The  two  following  papers  were  read  by  title : 

SBBBAHKA  EVBYPTBBWB 

ET  K.  H,  BASBODB 
PLAXT  TItaOB  IS  TBE  CARB0XIFBR0V8  8HALBB  OF  SEBS18SJ. 

BT  K,  a.  BASBOm 
Tin— Bdlu  OiOL,  8oc.  Am.,  Vol.  24,  1612 
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PAPERS    OM    PALEOBOTAHT 

The  papers  upon  paleobotaoy  were  then  taken  up,  with  Vice-President 
Ruedemaan  still  presiding. 

On  account  of  the  little  time  still  remaining  it  was  necessary  to 
read  most  of  these  papers  by  title. 


taT  t,  B.  KROWLIOH 

(Abitrool) 

For  almost  a  quarter  of  a  century  tbe  coal-bearing  rocks  of  tbe  Raton  Uesa 
reclon  of  Colorado  and  New  Mexico  bare  been  referred  to  a  single  geological 
formation^tbe  Laramie— largely  because  of  tbeir  stratlgrapblc  position  and 
oo  the  mistaken  assumption  tbat  they  were  similar  In  all  respects  to  tbe 
Lb  ramie  of  tbe  Denver  Basin  of  Colorado.  However,  since  It  bas  been  demon- 
strated by  Lee  tbat  tbere  Is  a  widespread  unconformity  In  tbe  midst  of  tills 
Raton  Mesa  section,  It  became  necessary  to  Interrogate  anew  other  Hoes  of 
evidence,  tbls  being  tbe  raiton  d'etre  for  the  present  paleobotanlcal  Investiga- 
tion. This  study,  wblcb  Is  based  on  tbe  most  extensive  collections  of  fossil 
plants  thus  far  brought  together  from  any  of  tbe  Rocky  Mountain  areas,  shows 
conclusively  tbat  tbe  beds  below  tbe  unconformity  are  distinctly  Cretaceoux 
In  aspect,  and  And  their  closest  afflulty  with  tbe  upper  portion  of  tbe  Montana 
group,  while  the  beds  above  the  unconformity  are  distinctly  post-Laramle  tn 
age  and  (■l<raelr  related  to  the  Denver  formation  of  the  Denver  Basin,  and  to 
the  Wilcox  formation  of  Loulelaua  and  Mississippi.  The  Wilcox  formation, 
being  above  marine  Eocene,  fixes  the  age  of  tbe  Raton  formation  as  Eocene. 
No  Laramie  Is  at  present  known  from  tbe  Raton  Mesa  region. 


A  brief  accoont  of  tbe  floras  of  tbe  Atlantic  Coastal  plain  and  tbe  progrens 
that  has  been  made  In  tbelr  description. 

ROOTS  I.V  THE  UNDSRCLATS  OF  COALS 
BT  DAVID  WHITB 

(Alutraot) 

On  close  Inspection  the  floor,  usually  an  "under  clay"  beneath  the  coal  beds 
In  tbe  American  cosl  fields.  Is,  In  tbe  great  majority  of  caees.  found  to  contain 
rootx  of  vascular  plants  In  tbelr  place  of  growtb.  Tbe  prevalent  occurrence 
of  such  roots  of  various  kinds,  wblcb  are  to  be  seen  under  tbe  commercially 
wor^ble  coals  In  all  fields  examined,  whether  of  Tertiary,  Meaozolc,  or  Oar- 
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boniferons  age,  clearly  tndtcates  that  In  maet  ^reaa,  at  leaat,  tbe  coal  awamps 
irere  not  too  deeply  submeiKed  or  tnuadated  to  permit  Taacnlar  plants  to  root 
nod  grow  In  place  at  tbe  commeDcement  of  tbe  formation  of  tbe  mother  peat 
ta  Nine  cases  evidence  points  also  to  the  growth  of  arboreacent  vegetation  on 
tbe  surface  of  tbe  growing  peat  Such  growth  unqueatlonably  occurred  on 
tbe  partings  of  certain  coals  and  was  iiot  lufreqnent  la  the  roofs  of  tbe  sub- 
merged peats. 

The  following  paper  wae  presented  withoat  notes  b;  the  author  and 
illustrated  by  lantern  slides;  10  minutes.  Discussed  by  A.  W. 
Grabao. 

OORiLLINB  ALQS  IS  AS  ORDOVIOUS  DOLOMITB 
BT  KLtOT  BL&OKWELDEB 

(Abttract) 

The  Blgbom  and  Jefferson  dolomites  of  western  Wyoming  ctMifllst  very 
largely  of  tangled  upright  growths,  the  exact  nature  of  which  Is  unsettled.  A 
study  of  tbe  Individual  stalks,  their  mutual  relations,  and  their  Internal  atruc- 
tore  brings  out  some  suggestive  resemblances  between  these  problematic  foMlla 
and  certain  modem  coralline  algie. 

The  remaining  papers,  with  one  exception,  were  read  by  title: 

OniOIN  OF  THB  LIAB8W  FLORA  OF  TUB  UIXTSCA  ALTA 


WOOD  8TBUCTDKE   OF  THE  CYOADBOIDEJS    {WITH   DEMONSTRATIO!/) 

BT  O.  B.  WIELAITO 
FLORAL  FBATVRBS  OF  THB  CTOADEOtDEX    {VtTB  DBMOHBTRATIOSB) 

BT  O.  B.  WIUAItll 


Presented  without  notes  and  illustrated  by  Rpecimens  and  sketches; 
5  minutes, 

SOTB  ON  A  PR00S88  OF  FOSBILIZATIOTf  IS  THE  PALEOZOJO  LTOOPODB 


Striking  example*)  of  a  type  of  fosslllzatlon  In  which  tbe  bark  le  preflerved 
In  exquisite  detail,  while  tlie  space  within  the  bark  la  wholly  filled  with  fine 
siliceous  sediments,  showing  no  trace  of  tlie  original  plant  structure,  occur 
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frequently  amoog  tbe  TarlouH  ape<^[efl  of  SlglllBrla  and  Lepldodendron.  Tbe 
author  bere  calls  attention  to  the  remarkable  reHlstance  to  decay  of  tbe  bark 
of  tbe  common  birch  and  the  equally  striking  susceptibility  to  decay  of  tbe 
wood  of  this  tree.  Conalderation  of  the  differential  rate  of  decay  of  tbe  bark 
to  the  wood  of  the  birch  throws  much  light  on  the  process  which  has  so  often 
produced  the  Iclnd  of  foBHlllzatlon  represented  by  the  Rand-filled  bark  of  Lepldo- 
dendron. It  appears  must  probable  that  the  dark  cylinder  of  the  Carboulferons 
lycopods  were  generally  hollowed  out  hy  rapid  decay  of  the  wood  and  then 
filled  with  sediment  before  fosatllzatlon  bexau,  Just  as  tlie  empty  birch  bark 
of  tbe  trunka  are  now  being  prepared  for  foaaillzatlon  In  Canadian  lakes  and 

PRBLIMIXART  COSRELATi 


BT  ABTHUB  BOIXICK 

(Abstract) 

Previous  to  the  year  1902  little  or  nothing  was  known  In  regard  to  the  Cre- 
taceous flora  of  Alaska.  During  that  year  A.  J.  Collier,  of  the  U.  S.  Geological 
Surrey,  made  collections  of  fosail  piaiitx  at  neveral  localities  In  tbe  lower  part 
of  tbe  Yukon  Klver  Valley,  and  In  the  following  year  further  collections  in  the 
same  region  were  made  by  tbe  writer.  Tbe  plants  included  in  certain  of  these 
collectlona  proved  to  be  Cretaceous  In  age.  and  sutmetiuent  collectlous  by  other 
field  parties  of  the  Surrey  elsewhere  In  the  territory  indicated  tbe  presence  of 
a  Cretaceous  flora  at  a  number  of  other  looalltieH. 

Tbe  Tertiary  Dora,  flrst  mentioned  briefly  by  Orewlngk  In  18S0,  was  subse- 
quently found  at  many  localities  in  the  southern  part  of  the  territory  and  was 
ileMorlbed  by  GOep]>ert  in  IHOl,  Ileer  in  1868  and  1808,  Elichwald  iu  ISil,  Lesque- 
reui  In  1883.  Newberry  In  18S3  and  1898.  and  Knowlton  In  1904.  The  writer 
also  dlBCUsaed  It  briefly  In  1911. 

lilttle  or  no  attempt  was  made.  Iiowever,  to  correlate  the  Tertiary  floras  of 
tlie  different  locslltlcs,  and  nil  were  generally  classed  as  "Arctic  Miocene*'  in 
age — now  recognize^  as  Eocene. 

In  1802  Dall  and  Harris  proposed  tl>e  name  "Renal"  as  a  group  name  for 
certain  Tertiary  strata  ex|)osed  at  Katcbemak  Bay,  Kenal  Peninsula,  aod  tbat 
name  has  since  tbeji  been  more  or  less  loosely  applied  to  a  numl>er  of  different 
beds  In  which  Tertiary  plants  were  Identified. 

A  critical  examination  by  tbe  writer  during  the  past  two  years  of  collections 
from  about  one  hundred  and  fifty  localities  baa  resulted  In  the  differentiation 
of  tbe  typical  Keuai  flora,  which  Is  Upper  Eocen»  in  age ;  a  Lower  Eocene  flora 
which  Is  well  exemplified  In  collections  from  the  Hamilton  Bay  region  of  Ku- 
preanof  Island,  and  at  least  two  of  Cretaceous  age,  represented  in  collections 
from  localities  In  the  lower  Yukon  Vallej'  aud  tbe  Alaskan  Peninsula. 

Tbe  scope  'of  this  pai>er  includes  a  preliminary  correlation  of  the  Boras, 
characteristic  species  of  each,  localities,  and  blbltograpby. 

At  4.15  the  Society  adjourned. 
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HIKOTES  OF  SECTIONAL  MEETING  ON   VEHTBBHATE    PALEONTOLOGY 

The  section  organized  Monday  afternoon,  December  30,  at  3.15,  with 
R.  S,  Lull  as  Chairman.  W.  O,  Matthew  was  elected  Secretary,  and  the 
section  proceeded  to  the  reading  of  papers. 

The  first  paper  presented  was  illustrated  with  lantern  slides;  30  min- 
utes.    Discussed  by  W.  D.  Matthew. 

TBE  YALE  EXFBDITIOX  OP  WB 


(AbMtract) 

The  speaker  reviewed  briefly  the  Itinerary  aod  results  of  the  expedition 
which  he  had  coDducted  during  the  summer  of  1012,  in  the  Panhandle  r^lon 
of  TeiHs,  for  the  purpose  of  securing  [?oiiipIete  skeletons  of  foesU  horses  to 
supiilemetit  the  Marsh  collection  xliowing  the  evolution  of  the  horse.  The 
most  Important  specimens  secured  were  practU-ull;  complete  skeletons  of  the 
foMill  horse  Bguat  KOtti  and  ground  sloth  Mytadon  from  the  Rock  Creek  for- 
mation, and  a  large  series  of  less  complete  specimens  from  the  Pleistocene  and  ' 
later  Tertiary  formations. 

The  following  paper  was  then  presented  by  the  author;  20  minutes. 
Discussed  by  W.  D.  Matthew. 


{Abitract) 

Recent  studies  upon  the  Tupaiidir.  or  tree-shrews,  have  shown  that  this  group 
of  InsectWora  Is  allied  to  the  lemurs  and  In  most  respects  la  morphologically 
ancestral  to  them.  The  Elocene  genus  Entomiilcgtee  Is  referable  to  this  family, 
and  other  early  Eocene  genera  Apalemyldir,  MixodccUdif,  etcetera,  appear  to 
be  more  or  less  intermediate  between  Insectlvores  and  Lemurold  Prlinates. 
The  genera  f/otharctua  and  PFlyrodiix  of  the  Middle  and  Lower  Eocene  are 
true  Lemuroldea,  very  dose  in  the  detailed  (-onstructlon  of  vertebne,  llmh 
bonea.  and  feet  to  the  modem  genus  Lemur,  hut  considerably  more  prlmltlre 
In  skull,  lacking  the  peculiar  specialization  which  distinguish  the  modern 
l-i^Diurld^.  While  yoibarrtvH  Is  8omeivliiit  aberrunt  In  molar  dentition.  Pefj/- 
rodu$  may  be  regarded  ns  ancestral  to  modem  lemurs.  The  higher  primates 
are  more  probably  derivable  from  some  of  the  Anaptomorphid  genera. 

There  was  then  presented 
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FPEcriSO   FHILOOBW 


{Abttract) 
Tbe  autbor  empbaslzed  tbe  Importaoce  of  tbe  liybrldism  and  admixture  ot 
blood  resulting  from  BuccesBive  or  continuous  migration  moremeuts  and  pointed 
out  tbe  resultant  complexity  of  tbe  pbylum  In  anj'  race  of  animals  and  the 
'  effects  upon  Its  composition  and  progresaiveness,  of  more  or  lesa  remoteues? 
from  the  center  of  dispersal. 

The  next  paper,  illuatrated  by  lantern  elideB  (10  minutes)   aud  dis- 
cussed by  E.  C.  Case  and  W.  D.  Matthew,  was  entitled 


iAb»tr<Kt} 
Tbe  autbor  reviewed  tbe  recent  studies  of  Gaupp  upon  tbe  homologies  of 
these  bones  In  mammals  and  reptiles,  but  dlsaented  from  his  conclusions, 
wbicb  were  based  chiefly  upon  comparisons  of  tbe  modem  lizard  skull  with 
that  of  mammals.  Tbe  lizards  are  bigbly  specialized  and  remote  from  mam- 
malian affinities;  the  Permian  Tberocepbalia  and  Gynodonts,  approaching 
nearly  tbe  ancestry  of  mammals,  attord  a  much  better  guide  to  tlie  homologies 
of  the  skull  bones.  Tbe  recent  studies  of  Broom,  and  especially  of  Watxon,  on 
tbe  skull  stiructnre  In  Cynodonts  afford  data  for  homologizlng  tbe  bones  of 
tbe  ^knll  with  those  of  mammals.  Whatever  homologies  were  accepted,  tbe 
autbor  protested  against  hasty  and  unnecessary  changes  In  nomenclature  of 
tbe  Bkull  bones  in  different  vertebrate  groups.  Homologous  bones  in  different 
classes  of  vertebrates  may  be  totally  different  in  function  and  relations,  and 
It  is  neither  necessary  nor  desirable  tbat  tbe  nomenclature  ot  such  bones 
should  be  Identical. 

The  next  paper,  illustrated  by  charts  and  specimens  (10  minutes),  was 

CUBAS    FOHSIL    UAUUALB;    PRBLIVIKARY    XOTB 

BY  W.   D.  UATTHBW 

{Ahgtract) 

The  extinct  land  vertebrate  fauna  of  Cuba  bad  been  practically  unknown 
until  tbe  recent  discoveries  of  Dr.  Carlos  de  la  Torre,  of  Havana,  and  Mr. 
Barnum  Brown,  of  the  American  Museum  of  Natural  History.  These  collec- 
tions. In  addition  to  specimens  secured  by  Senor  Moreno,  of  Havana,  ate  now 
at  tbe  American  Museum  in  course  of  preparntlon  and  study.  A  preliminary 
review  showed  tliat  the  fauna  consisted  of  u  reniarknble  group  of  grouud 
sloths,  a  few  rodents  allied  to  tbe  Iliittas  still  living  on  tbe  leland :  a  gigantic 
crocodile,  a  large  land  tortoise,  and  aquatic  turtles,  lizards,  aud  snakes.  Three 
genera  and  six  species  of  ground  sloths  are  readily  distinguished ;  all  are  allied 


D.g,t.zedbyG00gIC 


ABSTRACTS  OP  PAPEHS  PEESBNTED  119 

to  HegalcMiTx,  but  sbare  a  number  or  peculiar  and  aberrant  features  wblcb 
Indicate  descent  from  a  common  ancestor  nearly  allied  to  the  Miocene  KTound 
■lotbs  of  Soutb  America.  The  entire  Tauna,  ao  far  as  studied.  Indicates  South 
American  derivation;  It  la  wholly  unlike  tbe  contemporary  and  earlier  fauuK 
of  Florida,  wblch  are  typically  North  American.  It  Indicates  tbat  Cuba  baa 
not  been  connected  with  North  America  during  the  Tertiary,  and  any  cod- 
nectton  with  South  or  Central  America  must  have  been  about  tbe  Miocene 
epoch,  tbe  fauna  Indicating  Isolation  since  that  time.  Tbe  autbor  believed, 
however,  that  tbe  Cuban  fauna  could  not  be  accounted  for  by  any  land  con- 
nections with  either  continent,  but  was  derivable  from  occasional  Immigrants 
transported  on  "natural  rafts"  from  South  or  Central  America. 

The  following  papers  were  read  by  title : 

DBVOSIAS  ri8UB8  OF  MI880VRI 
BT  ■.  B.  BKAXSON 

(Aittnct) 

Several  q)ecle8  of  artbrodtrea — one  chlmierold  and  two  sharks — have  been 
collected  by  Hr.  Bowley  from  the  Devonian  shales,  near  Louisiana.  In  north- 
eastern Missouri.  A  discussion  of  the  value  of  these  fossils  In  correlatluK 
the  Devonian  of  Missouri  with  that  of  other  regions,  a  description  of  tbe 
Bpecfee,  and  a  summary  of  what  Is  known  of  the  Devonian  of  Missouri  make 
up  the  contentB  of  this  paper. 

BXAIS  STRUCTURS8  OF  FOBBIL  FI8HEB  FROM  TBE  CASBT  8HALE8 


(Abatroct) 

In  April.  1907,  some  remarkable  specimens  of  Palffionlscld  Osfaes  were  col- 
lected t^  the  writer.  In  company  with  Mr.  Horlts  Fischer,  of  Cincinnati,  In 
pboqihatlc  nodulee  occurring  at  the  base  of  the  Waverly  and  Immediately 
ovHlylng  tbe  so^alled  Genesee  black  shale.  In  Boyle  County,  Kentucky.  A 
number  of  flab  crania  belonging  to  tbe  species,  since  described  as  RhadfnteAfhya 
deani  (Iowa  Gcol,  Surv.  Rept.,  1908,  vol,  IS),  were  found  preserved  In  such 
manner  as  to  display  tbe  actual  soft  parts  of  the  brain  cavity,  including  the 
semicircular  canals  In  their  entirety,  the  olfactory  and  optic  lobes,  cerebral 
hemlspberes.  and  course  of  the  arterien  and  various  nerves. 

tJntll  quite  recently  this  Interesting  occurrence  has  remained  unique.  An 
analogous  Instance  la  presented,  however,  by  tbe  discovery  of  similar  flsh- 
bearlng  concretions  from  the  Caney  sbale  of  Oklahoma  In  which  the  confor- 
mation of  the  Internal  soft  paria  Is  clearly  visible  within  tbe  fractured  crania. 
Only  a  few  smal^slzed  sperlmeus  have  thus  far  come  under  the  writer's  exam- 
ination, and  these  are  to  be  made  tbe  subject  of  further  study,  together  with 
a  few  associated  flsh  remains,  such  as  sharks'  teeth  belonging  to  the  genus 
PhalMdut,  detached  ganoid  scales,  and  tbe  like. 

The  material  In  question  was  collected  by  Dr.  George  H.  Glrty,  of  the  U.  S. 
Geological  Survey,  and  by  him  placed  In  tbe  writer's  hands  tor  Investigation. 
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Afl  at  prefient  knowii.  tbe  iDrertebrnte  fnunn  of  the  Cnney  ehale  ronBixtn  of 
about  50  speclefi  nnd  Tnrletleti.  bexides  a  imdi' I  durable  uutuber  of  IndetermlnHtH, 
and  the  relatloneblpti  of  this  fauna  are  held  by  Dr.  GIrty  to  wiirraDt  a  corre- 
lation with  recognised  faunnti  of  Upper  MUHl)tt<it)|)lnii  a^e.  Tbe  character  ot 
the  flMh  remalnx  tends  to  support  this  coucluslon.  an  far  b«  the  evidence  tCoe»i, 
tbouKh  It  ts  admittedly  sUjcbt.  and  is  In  <rontllct  n-lth  that  furnistied  by  tbe 
plant  remains,  which  latter  favor  a  correlation  with  the  Pottsvllle.  Tbe  ques- 
tion of  the  age  of  the  Caney  shale  Is  dlHcuwted  liy  Itr.  Girty  In  Bulletins  377 
and  430  of  the  U.  S.  Geological  Survey,  to  wMch  reference  should  'be  made  for 
full  detailH. 

MVTATIOSt;  OF  M'AAOKS  AXD  OF  DE  VFIEU 


CnilPARIBOS  OF  THE  LATB  PLF.IfTOrEKE  FAV\A  OF  ei'ROPB  A\n  XORTH 


BT  H.  F.  OSBOBN 
\ew  PLESlOaAL'HIAX  QEXUS  FROM  THE  .V/OBB.tff.l   CUETACEOVS  OP 


{Abstract) 

The  new  genus  In  a  member  of  tbe  widely  distributed  family,  tbe  Blasmo- 
Murldie,  and  is  based  on  a  complete  series  of  cervical  vertebn«  with  liuibi< 
and  girdle  elements.  Tbe  distinguishing  chanicters  of  the  ii«w  genus  are  tbe 
short,  uniform  centra  of  the  cervical  vertebnp  from  Cloud  Comity,  Kansas. 
The  characterm  of  tbe  limbs  Hbow  the  animal  to  have  been  it  young  but  nearly 
mature  Indlrldual.  There  are  no  evIdenccH  for  tbe  formation  of  the  articular 
surfaces  of  the  ends  of  the  propodials  for  articulation  witb  the  mesopodlal 
elements.  The  cervical  centra  have  on  the  ventral  HurfiK-e  throUKhout  n  pair 
of  vascular  foramina,  and  the  surfaces  of  all  tbe  skeletal  elements  show  evi- 
dences of  tlie  i>resence  of  a  richly  vascular  periosteum.  There  are  51  cervical 
vertebra*,  preserved  with  a  total  length  of  nearly  two  meters.  Tbe  Individual 
vertebra"  Increase  In  lenKfb  and  breadth  according  to  the  following  measure- 
ad  <'ervleal  vertebra-  20  mm.  long,  30  mm,  wide 
Cth        ■■  •■        23    "        "      32    " 
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Tbe  new  generic  and  specific  terms  Ogmodlrat  martini  are  proposed  for  tlie 
new  animal.  .     - 

Tbe  limbs  are  sbort  and  heavy,  witb  the  ends  of  tbe  propodlaiB  not  modified 
for  tbe  reception  of  tbe  mesopodlal  elemeiitH.  Tbe  unterlor  and  posterior  pro- 
podlalB  botb  exblblt  traces  of  tbe  peculiar  vascular  canals  and  cavities  so 
often  described  for  tbe  pleslosaurs.  In  tbe  opinion  of  tbe  Junior  author  this 
coadldon  is  a  persistence  of  an  embryonic  condition  couHned  to  the  pleslosaurs 
and  Indicating  a  distinct  evolution  lu  that  group.  Tbe  deveioplng  long  bones 
of  ail  vertebrates  show  precisely  tbe  same  condition  an  la  exhibited  by  tbe 
adult  propodlais.  The  fact  that  they  seem  to  t>e  more  exa^eraled  In  some 
embryonic  pieslosaurlan  propodlais  would  go  to  show  that  the  character  has 
been  deeply  Impressed  on  the  organization  of  some  of  the  group.  Ottier  mem- 
tiers  of  the  Plealosaurla  show  this  cbamcter  very  little,  or  not  at  all.  Until 
tbe  pleslosaurs  are  better  known,  no  definite  solution  of  the  problem  can  be 
attained;  but  It  is  suggested  that  the  more  generalized  and  plantlc  Torma  of 
tbe  group  will  be  found  to  exhibit  this  character,  wbiie  the  development  of 
tbls  character  has  been  obliterated  In  other  forms. 
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MiNDTBS  OP  THB   PACIFIC   C0A8T   SbCTION   OF   THE  pALBONTOLOOICAL 
SOOIBTT 

Rot  B.  DiOKEBflOK,  Secretary 

The  third  annual  meeting  of  the  Pacific  Coaet  Section  of  the  Paleon- 
tologies! Society  wae  held  in  the  Geology  Building,  Stanford  Univereity, 
California,  on  Saturday,  April  6,  1912.     President  J,  P.  Smith  presided. 

The  following  officers  were  elected  for  the  eneuing  year : 

Prtaident,  Frank  M.  Andebson,  Berkeley,  California. 

Tice-Preaident,  Loyb  Holues  Miller,  State  Normal  School,  Loe  An- 
gelee,  California. 

StcrBtary  and  Treasurer,  Rot  E.  Diokbrbok,  Uiasion  High  School, 
San  Francisco,  California. 

It  was  voted  to  hold  the  next  annual  meeting  at  the  call  of  the  Presi- 
dent, during  the  week  of  the  spring  recess  of  Stanford  University,  at  the 
TJniversily  of  California,  Berkeley,  California. 

Following  are  the  abstracts  of  papers  presented : 

KOCEUM  OF  8AV  PBDRO  POIHT,  SAS  llATSO  OOUSTT,  OALIFORSIX 
BT    BOT   E.    DIOKEBSOIT 

(Abftroof) 

Certain  beds  wblcb  teat  upon  Montara  granite  were  described  by  Prof. 
A.  C  Lawaon  In  his  "Sketch  of  tbe  geology  of  tbe  San  Francisco  Pmlnsnla." 
Mr.  Oeraon,  In  10OT,  obtained  some  fosalle  from  tbe  um»ermost  portion  of  tbeae 
strata  wblcb  indicate  tbelr  Eocene  age,  probably  of  tbe  Uartlncc  atage. 

DlSCt7BBI0I* 

Mr.  LawBon  called  attention  to  tbe  fact  tbat  fossils  found  some  years  since 
at  tbia  same  locality  had  been  detenulned  by  Dr.  Stanton  and  mentioned  Jn 
bis  <LawaoD's)  paper  in  tbe  Fifteenth  Annual  Report  of  tbe  U.  S.  Geological 
Survey.  He  also  said  that  there  was  probably  a  fault  relation  between  Ihe 
San  Francisco  sandstone  and  the  beds  carrying  tbe  above  fauna. 
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Ut.  Herriam  iDdoreed  Uie  author's  opinioa  as  to  tbe  age  of  tbls  faiuia  and 
expressed  tbe  opinion  Ibat  It  was  more  nearly  related  to  the  Lower  than  to 
the  Upper  MarUnez. 


:  DiGXiasoN 


An  osconronnltr  extstB  between  the  Tejon  and  Martinez  south  of  Mount 
Diablo.  The  nnconformlty  is  marked  by  Pliolae  (?)  boiiuge  recoKnlsed  la  two 
localitlea  three  miles  apart  and  an  angular  unconformity  found  In  two  places. 

DiBCDBSIOK 

Mr.  Louderback  emphasized  the  remarkable  dilTerences  between  the  Tertiary 
Bedlments  of  tbe  north  and  south  sides  of  Mount  Diablo,  apparently  indleatlOK 
complex  relationships  between  land  and  water  and  In  the  dtaatropblsm.  He 
also  stated  that  three  or  four  horliious  of  Chico  fossils  bad  been  found  south 
of  Curry  Canyon. 

Hr.  Anderson  told  of  a  line  of  division  In  the  Eocene  along  tbe  eaat  front 
of  tbe  Diablo  range  from  Coallngu  north  to  New  Idrla.  There  la  probably 
an  angular  unconformity  with  a  thin  basal  conglomerate  In  the  upper  dlvlalon. 
Coal  Is  present  In  the  Martinez  of  this  region.  On  the  basis  of  the  fossils, 
Doctw  Dall  thought  that  the  lower  beds  were  probably  Tejon. 

BOCBSB  OF  THE  COALIHaACAXTUA  DIBTRICT.  FHESSO  COUNTY,  CALIFORNIA 


(Abitmot) 

Aroal  surreys  through  the  Coalinga-Cantna  District  show  that  a  dual  for- 
mation of  white  to  pink  organic  shale,  conformably  related  above  to  a  white 
to  buff  sand  and  conglomerate,  la  of  Eocene  age.  It  baa  been  described  an 
TeJon.  This  Tejon  is  overlain  In  marked  nnconformlty  by  Lower  Miocene 
Binds,  and  is  underlain  with  equally  diatlngulahed  dlsconformlty  by  a  group 
of  two  or  three  formations  of  Eocene  age  that  have  been  provisionally  corre- 
lated with  the  Martinez  formation  of  the  Mount  Diablo  District 

This  lower  group  consists  of  an  upper  non-fOBBlltferous  brown  shale,  a  middle 
fosaillferoua  browA  sandstone,  glauconltlc  and  shaly  at  base,  and  a  lower 
chocolate  ahale  that  has  yielded  no  fossils.  The  contact  at  the  top  of  this 
group  shows  Indications  of  local  pre-Tejon  erosion  and  weathering. 

Both  groups  of  Eocene  here  represented  thin  ont  by  progresalve  overlap 
southward. 

The  etratlgraphlc  relations  of  the  Martinex  with  tbe  underlying  Cretaceous 
has  not  been  distinguished. 

DiBCUSSioir 

Mr.  Anderaon  naid  that  Aturla  had  been  found  in  an  8-lncb  bed  of  sandstone 
In  the  brown  chocolate  shale,  or  lowest  member  of  Mr.  TafTs  section.    If  the 
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lower  group  la  Martinez,  the  Coallngn-Cnntua  aren  Is  tbe  most  importaot  area 
of  Martinet  in  CBllfornla. 

Mr.  I/awBOn  Huggested  that  ttie  organic  shales  referred  to  tbe  Tejou  by  Mr. 
Taff  may  possibly  I>e  ot  Lower  Ml0(«He  age.  and  the  (viiditloiis  of  Bedlinmta- 
tloa  n>inparable  to  tlie  alternating  I'oudltions  of  suudstone  and  organic  Bbale 
deposition  In  tlie  Contra  Costa  Miocene.  Sloce  organic  Mhale  had  not  t>een 
found  elsewhere  in  tbe  Tejon.  be  bettltated  to  accept  tlK  reference  of  tbe 
organic  shale  portion  of  tite  Caallnga-Cuntua  aectlon  to  the  Eocene. 

Mr.  Stalder  made  mention  of  an  uiunufonnity  at  the  same  horizon  as  tlie 
one  de8crlt>ed  by  Mr.  Talf  but  a  few  mllea  north  of  the  limits  of  Mr.  TalTs 
area.  The  unconformity  here  was  bImwd  by  borings  and  by  considerable  dla- 
cordaace  In  dips. 

BVOOBSTED  PALEONTOLOQIC  CORRELATION  BBTWBBN  CONTIKEflTAL  MIO- 
CEUE  DBPOeiTS  OP  THE  MOHAVE  REQIOS  AS'D  SIAHISE  TERTIARY  BEDS 
OF  BA.V  JOAQVIS  VALLEY.  CALIFORNIA* 


{Abstract) 

In  the  formations  of  tbe  Moliave  region  numerous  mammalian  remains  bave 
recently  been  found.  The  fauna  of  tbe  Mobare  region  is  most  neariy  allied 
with  that  of  tbe  Upper  Miocene  formation  In  tbe  western  Itorder  of  tbe  Great 
PiaiDB  r^lon. 

Ttie  continental  deposits  of  the  Moiiave  region  extend  to  tbe  foot  of  tlie 
mountain  range  to  tbe  east  of  Tehachlpi.  The  great  marine  and  fresh-water 
series  of  tbe  Sun  Joaquin  Valley  lies  on  the  west  flank  of  tbe  range  only  a 
slKirt  distance  from  tbe  most  westerly  exi>oaure  of  tbe  Mohave  beds.  Reoentiy 
R.  W.  Pack  has  obtained  from  marine  Terthiry  beds  In  the  Tejon  Hills,  do  the 
west  flank  of  tbe  range,,  a  small  collection  of  vertebrate  remains.  This  collec- 
tion Includes  tbe  pbalaugeal  elements  of  UeryiH>dus,  n  nuial]  deerlike  form, 
similar  to  a  species  known  in  the  Mohave  beds,  and  tcetb  of  a  horse  stnillar 
to  ilerpchipptia  calamariut  of  the  Mohave  region.  Axaoclated  with  these  re- 
mains are  shark's  teeth  and  a  number  ot  marine  shells.  The  known  inverte- 
brate fauna  of  these  beds  baa  been  presumed  to  Jodlcste  their  Lower  Miocene 
age.  The  question  arises  as  to  whether  the  manmiul -bearing  l)eds  of  the 
eastern  border  of  the  San  Joaquin  are  of  the  same  age  us  tbe  presumed  Ijower 
Miocene  of  tbe  Kem  region,  or  whether  there  Is  a  discrepancy  between  the 
age  determlnationB  based  on  the  one  hand  on  uinmmalian  fossils  Judged  by 
comparison  with  tlie  Great  Plains  faunas,  and  on  the  other  hand  on  marine 
forms  compared  wltb  tiwse  of  the  Atlantic  coaat 

•  Fr«MDted  br  permiasloD  o(  the  Director  ot  tbe  U.  B.  Ocological  Surrey. 
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The  foUowing  paper  was  read  by  title : 


BY/AUE8   FEBKIN   8U1TH 

{Abatract) 

Recap! tulatlOD  Ik  dlBCuBsed  and  Illustrated  and  examples  of  unequal  accele- 
ration pointed  out.  Arretted  deTelopmcut  and  retardation  are  dlecuised  ob 
factors  In  tbe  biogenetic  law.  Cases  of  convergence  are  brought  forward  and 
tbelr  bearing  on  ortliogenesU  touclied  upon.  Tbe  conclusion  la  reacbed  tliat 
Imperfect  recapitulation  Is  all  we  may  hope  to  find  in  the  ontogeny  of  any 
highly  organized  group. 


BY  BSnOK  UABTIK 


The  resnlts  of  recent  work  in  this  field  and  tbe  close  faunal  relations  with 
the  Etchegoln  formatltH)  of  the  Coalinga  region  were  discussed. 

DisoDasiOH 

Mr.  E^wson  called  attentlou  to  Hr.  W.  F.  Jones's  work  In  tbls  region,  saying 
that  Mr.  Jones  presented  the  first  evidence  of  marked  orogenlc  disturbance 
Id  the  time  between  the  Monterey  and  tbe  Btchegoin-San  Pablo  deposition  In 
central  California. 

Ur.  Clark  spoke  of  the  great  transgression  of  the  Btchegolu  sea  after  Santa 
Uargarita  time. 

Hr.  Anderson  thongbt  tbe  Btchegoln  at  the  Sargent  locality  was  very  likely 
directly  connected  with  that  of  the  Coaliiiga  region. 

Hr.  Merriam  emphasized  the  close  relationship  between  the  Purlsalma  and 
Btcbegoin  formations,  as  shown  by  their  fossils. 

MONTSICEV  SBRIB8  OX  THE  SOUTH  SIDE  OF  UOUST  DIABLO,  CALIFORNIA 

iAbttract) 

The  Monterey  series  of  this  region  has  a  tblckness  of  l.SOO  feet,  consisting 
of  coDglomeratee,  sandstones,  and  shales;  the  lower  part  Is  quite  conglomerate, 
but  there  la  no  evidence  of  angular  unconformity  with  tbe  underlying  Tejon. 
Tbe  Monterey  series  Is  here  unconformable  beneath  the  San  Pablo.  A  con- 
alderabie  fauna  has  been  collected  abowlug  that  both  Upper  and  Lower  Mon- 
terey time  ts  represented. 

IX— Bull.  Geol.  BoC.  Ah.,  Vou.  2*,  1B12 
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BT  BBDCE  I.  OI.AXK 

(Jbtfroot) 

Tbe  Shd  Pablo  formation,  on  the  uorth  etde  of  Mount  Diablo,  baa  a  tUck- 
neas  of  about  600  feet.  It  lien  uncou forum bly  on  the  Monterey  aeries  and  la 
overlain  ou conformably  by  tlie  Pinole  tuff.  Tbe  fonuatloa  conalate  of  con- 
Stomerates,  coarse  sandstone,  and  a  minor  amount  of  ahale,  all  represeating 
very  dose  Inabore  deposits.  In  the  middle  of  tbe  San  Pablo  tbere  are  evi- 
dences of  land  conditions.  A  fauna  of  20  species  of  Invertebrates  has  been 
collects  from  the  Monterey  series  Just  below  the  San  Pablo  and  about  60 
species  from  the  San  Pablo. 

FAVXAL  ZOSE8  ( 

NEAR 

BT  JOHN  F.  BUWALOA 


DlBcneslon  of  a  measured  section  of  tbe  San  Pablo  formation  on  tbe  western 
side  of  tbe  Mount  Diablo  aotlcllae,  with  tbe  results  of  a  study  of  tbe  fannal 
Eones. 


This  inquiry  la  undertaken  In  order  to  learn  what  facts  tbe  bablts  of  living 
rock-boring  shells  may  contribute  to  eicplaln  the  conditions  of  deposition  at 
unconformities  where  fossil  rock-t)or!iig  shells  are  now  found. 

Wblle  animals  which  bore  Into  rock  are  found  among  nearly  all  tbe  large 
groups  of  Invertebrates,  the  Pelecypod  borers  are  far  more  numerous  along 
tbe  Pacific  coast  than  borers  of  any  other  cla»s.  The  many  genera  of  Pelecy- 
poda  which  burrow  into  mud  or  sand  are  of  little  value  In  this  Inquiry. 
On  account  of  their  peculiar  habit  of  boring  Into  Qne-grained  rocks  along  tbe 
exposed  portions  of  tbe  sbore.  In  a  sone  extending  only  a  few  fathoms  l>elow 
the  low-tide  level,  tbe  several  rock-boring  genera  of  the  Fholadidte  and  tbe 
genera  AduUt,  TAthodomvg.  t'etricola,  Saxicava,  and  Platyodon  have  a  very 
definite  significance.  The  oeHtllng  shells  of  the  genera  Tapet,  SaaidomUM,  and 
Panopea,  associated  with  the  Inrers,  are  of  Importance. 

Tbe  remains  of  marine  animals  which  are  known  to  habitually  bore  Into 
rock  is  evidence  of  an  uncojiformity,  becauHe  It  presupposes  the  existence  of 
a  firm  bed  In  an  earlier  formation,  hard  enough  to  attract  tbe  borers,  before 
tbe  overlying  beds  were  laid  down.  Subsequent  cruatal  movements  were  up- 
ward if  the  holes  are  found  to  have  been  eroded  or  filled  with  terrestrial 
deposits,  or  downward  if  filled  with  marine  deposits.    The  nature  of  tbe  over- 
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IjiDg  beds  ltidlcate«  to  a  certalo  extent  tbe  depth  of  Bubmergence  and  tbe 
distance  to  which  tbe  stiorellue  laaj  have  retreated.  Contacts  containing  bor- 
ing atiella,  moreover,  show  tbe  location  of  tbe  headlands  and  open  coast  along 
the  ancient  sea  margin. 


BT  OHABLEB  U.  DATI8 

(Alutract) 

Tbe  slates  of  the  Blate  Springs  beds  dip  unconformably  under  the  basal 
KuoxTllle,  as  described  by  Dr.  H.  W.  Fnlrbanlts.  The  Lower  KnoxvlUe  is 
placed  bf  some  geologists  In  tbe  Upper  Jurasale. 

Tbe  species  from  Slate  Springs  are  verjr  similar  and  In  five  Instances  out 
of  eight  are  practlcailf  Identical  with  described  Jurassic  forms.  None  of  tbe 
species  are  unlike  Jurassic  forms.  Six  of  the  eight  species  listed  from  Slate 
Springs  are  Identical,  or  nearly  identical,  with  species  described  from  tbe 
Queen  Charlotte  Islands,  British  Columbia.  The  Queen  Charlotte  islands 
beds  have  been  deflnitely  correlated  by  Stanton  with  the  Enockin  formation 
of  Alaska  which  tie  calls  Upper  Middle  Jurassic.  The  above  considerations 
appear  to  place  the  Slate  Springs  (Franciscan?)  beds  lu  an  age  not  blgber 
than  ttw  lower  Upper  Jurassic. 


iAlutract) 

Marine  strata  of  Eocene.  Miocene,  and  perhaps  Pliocene  sge,  with  a  total 
maxlmom  thickness  of  about  30,000  feet,  are  found  in  southwestern  Washing- 
ton. The  sediments  along  the  north  const  of  Washington  form  only  a  thin 
fringe  from  Cape  Flattery  eastward,  but  are  found  west  of  tlie  Cascade  Moun- 
tains from  tbe  Columbia  River  to  Cape  Flattery. 

Tlie  Eocene  Is  found  west  of  tbe  Cascades  and  In  tlie  Fuget  Sound  Basin 
trom  Seattle  to  near  the  Chetaalla  River.  There  were  great  fluctuations  of 
land  and  sea  and  outiwurluKs  of  tmsaltlc  lavas  during  the  Eocene.  West  ot 
tlie  Cascades  the  lavas  are  Interbedded  with  marine  sediments,  and  the  later 
faatm  Is  typically  Tejon.  while  tbe  older  fauna's  position  Is  not  yet  de- 
termined. Toward  the  east  brack  I  eh- water  beds,  constituting  tlie  Fuget  group 
of  WIIUs,  prevail  and  are  probably  the  equivalent  of  tbe  marine  TeJon  farther 
west  Tbe  Roslyn  of  central  Washington  Is  probably  equivalent  to  the  marine 
TeJon.  Tbe  lavas  are  not  found  In  tbe  Olympic  Peninsula.  Tbe  coal  of 
Wasblngton  la  almost  entirely  confined  to  tbe  TeJon  horizon.  Igneous  activllj 
ceased  entirely  at  tbe  close  of  the  Tejon. 

Tliere  Is  a  distinct  nnconformlty  between  the  Tejon  and  tbe  overlying  Iieds 
carrying  a  fauna  akin  to  that  of  Dall's  Astoria  beds.  At>ove  this  nuconformlty 
are  10,000  feet  of  beds,  with  two  faunas,  that  of  the  upper  beds  t»eing  quite 
distinct  from  tliut  of  the  lower.  Tbe  Upper  Sliocene  Is  similar  to  tbe  Son 
Pablo. 
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From  tbe  Columbia  River  to  Cape  Flattery  la  a  series  of  Dortbwestward- 
pltcblng  ayncllnes,  and  19,000  feet  of  t)eda  are  well  exposed  Id  coatlDuous 
section.  In  tbe  Qraya  Harbor  region  tbere  la  complicated  structure  witb 
mucb  folding. 


BT  JOHN  H.  BDDKUAH 

(Abatract) 

That  an  n  neon  form  ity  exists  at  the  base  of  tbe  Tamlosoma  zone  eeems  es- 
tabllsbed  by  overlapping,  irr^nilar  pontarta,  Pholaa  borings,  and  undergronnd 
structure.  Tbe  apparent  gradation  Into  the  lower  beds  at  the  nortbem  end 
of  tbe  section  Is  probably  explained  by  the  fact  that  tbe  conglomerates  of  tbe 
"Big  Blue"  were  worked  over  and  redeposlted  at  tbe  base  of  tbe  Santa  Mar- 
garita with  little  change.  The  line  of  contact  tberefrtre  probably  nms  some- 
wbere  through  the  conglomerate. 

Tbe  position  of  the  unconformity,  a  short  distance  ttelow  tbe  A»trodap»i* 
tchilnei/i  beds,  corresponds  closely  to  the  unconformity  In  tbe  San  Pablo  of 
Mount  Diablo,  but  the  unrecorded  Interval  may  also  include  the  lower  San 
Pablo. 

Dtscusaion 

Mr.  Tair  said  tbet  be  bad  long  suspected  tbls  unconformity  from  tbe  field 
relations. 


The  following  paper  was  read  by  title : 


BI   UIYE    HOLMES   HIUfB 

(Ahitract) 

Tbe  paper  Is  ao  effort  to  assemble  and  to  barmoaiae  ttie  results  obtained  in 
stndy  of  fossil  bird  remains  from  tbe  Paclflc  coast  of  Nortb  America.  Brief 
papers  by  Ck>p»,  and  by  Lucas  and  a  somewbat  extended  account  by  Shufeldt 
are  reviewed.  Tbe  main  body  of  tbe  paper  Is  based  upon  a  personal  study 
of  tbe  collecttons  at  tbe  University  of  Callfarnla.  Nine  geologic  horlioua  are 
represented  in  the  remains  discussed.  All  but  three  species  recorded  are  from 
deposits  of  Pleistocene  age.  Tbe  great  range  of  coudltlons  under  wblcb 
remains  were  entomt)ed  as  well  as  tbe  variety  of  topographic  conditions  r^i- 
resented  make  tbe  concept  of  tlie  Pleistocene  avifauna  unusually  complete. 
Tbe  families  CathartldK  and  Falconldip  are  especially  rich  In  fossil  speolee. 
Problems  of  distribution  constitute  one  of  tbe  prime  Interests.  A  total  of 
fifteen  fossil  species  show  their  closest  relationship  to  forms  at  present  re- 
stricted to  more  southern  ranges.  Various  suggestions  as  to  the  causes  of 
extinction  are  discussed  and  a  tabular  view  of  tbe  Pleistocene  avifauna  of 
tbe  Pacific  const  is  presented.    Tbe  number  of  species  recorded  Is  120, 
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Introduction 

The  primacy  of  New  York  among  the  Ktatett  in  population,  wealtli, 
manufacture,  and  commerce  is  based  on  ita  physical  charactore — geo- 
logic structure,  phyeiograpliic  relief,  and  geographic  relations.  New 
York  Stat«  has  tlic  greatest  range  and  perfection  in  its  stratigrapliic 
series  and  the  greatest  variety  in  physiographic  features.  In  scenery 
other  States  may  possess  single  features  of  surpassing  grandeur  and 
beauty,  like  the  Colorado  Grand  Canyon,  Yosemite  Valley,  Crater  Lake, 
the  mountains  of  the  Cordillera,  or  the  snow-capped  volcanic  cones  of 
the  northwest,  but  for  abundance  and  variety  of  beautiful  scenery  of 
educational  value  New  York  may  claim  first  place.  In  the  variety  and 
excellence  of  Pleistocene  phenomena  the  State  jjrobably  excels  any  other 
equal  area  of  tlie  earth's  surface.  This  is  due  to  the  varied  and  unusual 
physiography,  combined  with  a  favoring  attitude  of  the  area  in  relation 
to  the  continental  glacier.  The  features  of  special  excellence  occur 
largely  in  the  western  part  of  the  State,  These  are  the  series  of  more 
than  twenty  parallel,  north-sloping  valleys  which  hold  the  unique  series 
of  twelve  so-called  Finger  lakes;  the  remarkable  succession  of  glacial 
lakes  in  the  Ontario  drainage  area;  the  conspicuous,  abandoned  channels 
of  the  rivers  that  drained  those  lakes;  the  surpassing  display  of  drum- 
lins,  of  kames  and  eskere;  the  fine  series  of  moraines,  and  the!  large 
number  of  postglacial  ravines. 

The  purpose  of  this  writing  is  to  utilize  this  remarkable  display  of 
Pleistocene  phenomena  in  illustration  of  the  glacial  historj'  and  in  brief 
discussion  of  some  problems  in  the  philosophy  of  glaciation. 

Multiple  Glaciation 

The  accepted  facts  of  multiple  glaciation  in  the  Mis-sissippi  Basin, 
coupled  with  proofs  of  pre-Wisconsin  drift  in  Pennsylvania  and  New 
Jersey  and  on  Long  Island,  with  accumulating  evidences  in  New  Eng- 
land, demands  the  theoretical  acceptance  of  at  least  dual  glaciation  for 
New  York  State.  But  the  positive  proof,  in  the  field,  of  a  pre-Wisconsin 
ice-sheet  has  not  been  found.    In  several  localities  the  deeper  till  is  Bo 


Digitized  bvGoOgIC 


MULTIPLE   QLACIATION  135 

unlike  the  upper  till  that  it  strongly  suggcstE  a.  separate  origin.  Some 
singular  topographic  features  are  not  satisfactorily  explained  without 
appeal  to  the  earlier  ice -invasions.  The  Rutland  Hollow,  east  of  Water- 
lown,  is  an  example.  Many  erosiou  features,  specially  in  the  St.  Law- 
rence District,  seem  inconsonant  with  the  work  of  the  latest  ice.'  How- 
ever, we  have  found  no  example  of  interglacial  or  warm-climate  deposits 
interbedded  in  the  till.  Such  should  be  expected  and  sought,  but  at 
present  we  can  only  say  that  multiple  glaeiation  in  New  York,  at  least 
north  of  Long  Island,  is  quite  certain  in  our  philosophy,  but  that  it 
remains  unproven  in  observation. 

Although  our  glacial  phenomena  in  New  York  are  doubtless  not  the 
effects  of  merely  the  latest  or  Laurentian  ice-sheet,  the  latter  so  strongly 
<lominates  that  for  purpose  of  this  writing  it  is  impracticable  to  attempt 
di»erimination,  and  unless  specially  noted  it  will  be  understood  that 
reference  is  to  the  latest,  or  Wisconsin,  glaeiation. 

IiAUttENTIAN    (LABBAnOBIAN)    IcB-BODY 
LlUira  IN  IfBW  TORK 

The  reach  or  extent  of  the  latest  ice-sheet  has  long  been  known  in  a 
general  way  through  the  early  work  of  Upham,  Lewis,  and  Wrigiit  in 
tracing  the  terminal  moraine.  In  later  years  the  stretches  of  the  ter- 
minal moraine  which  lie  in  New  York  have  been  reexamined,  on  Long 
Island  by  Woodwortli  and  Fuller  and  Veatch  and  in  Cattaraugus  County 
by  Leverett.  There  are  two  small  areai<  in  the  Slate  which  the  ice-sheet 
did  not  cover,  the  south  side  of  fjong  Island  and  the  district  partly  in- 
closed by  the  northward  bend  of  the  Allegany  River. 

THICKNESS 

At  its  maximum  the  ice-sheet  covered  the  highest  points  in  the  State, 
the  Adirondack  (5,344  feet)  and  the  Catskill  (4,305  feet)  mountains. 
Judging  from  the  Antarctic  and  Greenland  ice-caps,  the  surface  of  the 
laurentian  shield  was  a  low  dome  of  fairly  uniform  curvature,  unin- 
fluenced by  the  irregularities  of  the  submerged  land  surface.  Our  only 
means  of  estimating  the  thickneas  of  the  ice-eap  is  by  assuming  a  gra- 
dient of  the  surface  slope,  as  suggested  by  observations' on  the  existing 
polar  ice-fields.  Such  data,  however,  cau  be  safely  used  only  in  a  sug- 
gestive way  when  applied  to  the  Laurentian  ice-shield  because  the  diiTer- 
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ence  Id  latitude  must  be  an  important  factor.  The  border  of  our  ice- 
field, in  latitude  41  to  44  degrees,  was  subjected  to  so  much  greater  solar 
radiation  and  consequent  higher  temperatures,  with  heavy  precipitation 
and  rains,  that  it  must  have  had  increased  plasticity  and  resultant  mo- 
bility, giving  the  surface  slope  iliminislied  gradient.  But,  on  the  other 
hand,  the  snow  supply  over  the  central  area  or  alimentation  ground  of 
the  ice-field  must  have  been  greater  than  over  the  polar  fields,  which 
might  give  greater  depth  and  steeper  gradients  toward  the  interior  of  the 
field.  The  aiiticyclonic  winds  over  the  iee-cap,  recently  emphasi^d  by 
Hobbs,  would  brush  the  snow  toward  the  borders  of  the  field  and  so  tend 
to  reduce  the  surface  slope  of  the  interior. 

Shackleton  found  that  the  great  outlet  glacier  in  Antarctica,  named 
the  Beardmore,  had  a  rise  of  60  feet  per  mile  for  100  miles,  with  declin- 
ing rate  inland,  attaining  about  11,000  feet  in  875  miles,  or  40  feet  i>er 
mile  for  the  entire  distance.  If  we  assume  a  slope  of  60  feet  per  mile 
for  the  glacier  surface  over  wewtern  \ew  York,  it  gives  an  altitude  of 
over  9,000  feet  on  the  area  of  Lake  Ontario,  the  margin  of  the  ice-sheet 
tying  at  near  ?,000  feet  altitude.  Over  central  \ew  York  (district  of 
Oneida  Lake)  the  altitude  would  be  about  the  same,  and  if  to  this  we 
add  30  feet  per  mile  to  the  middle  of  the  Adirondacks  it  gives  3,000  feet 
more,  or  over  13,000  feet  altitude.  If  we  assume  40  feet  per  mile  on  the 
Hudaon-Champlftin  meridian  it  gives  12,500  feet  of  ice  on  the  Canadian 
boundary.  Thirty  feet  per  mile  gives  over  9,000  feet  of  ice.  These  fig- 
ures may  be  somewhat  exceiisive,  but  they  at  least  prove  the  fact  of  a 
great  thickness  of  solid  water  piled  over  the  State.  The  effect  of  such 
weight  will  be  noted  later. 


The  ice-maiis  had  a  spreading  or  radial  flow,  as  a  plastic  body,  due  to 
its  own  weight.  The  prevailing  direction  over  New  York  was  southwest- 
ward,  except  that  in  the  lower  Hudson  A'allcy  the  flow  was  southward, 
conforming  to  the  valley.  The  waning  or  thinning  ice-sheet  was  de- 
flected by  the  larger  topographic  relief,  and  when  the  ice-mass  resting 
over  the  Ontario  Basin  ceased  to  be  impelled  by  thrust  from  the  north- 
east it  developed  a  spreading  flow,  radiating  from  the  area  now  occupied 
by  Lake  Ontario.  This  is  well  shown  by  the  orientation  of  the  drumlins 
in  the  Ontario  Basin.  A  good  illustration  of  valley  diversion  is  shown 
n  the  maps  depicting  how  the  Hudson  lobe  and  the  Ontario  lobe  pushed 
nto  the  Mohawk  Valley  from  opposite  directions,  impounding  glacial 
waters  between  them.     As  the  direction  of  flow  near  the  margin  of  the 
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ice-sheet  must  incline  to  right  angle  or  normal  to  the  ice-front,  the  direc- 
tion of  latest  moveiiient  in  any  district  can  be  approximately  known  if 
the  ice  limit  is  determined.  The  series  of  maps  accompanying  this  writ- 
ing show  several  stages  in  the  waning  and  disappearance  of  the  ice  and 
suggest  the  direction  of  flow  at  different  positions. 


The  set  of  maps'  prepared  for  illustration  of  this  address  give  fifteen 
positions  of  the  ice-front  during  its  recession  across  the  State.  A  larger 
number  could  be  depicted,  but  only  those  have  been  selected  which  have 
some  significance  in  the  lake  and  drainage  history.  The  criteria  used  in 
locating  the  ice-front  positions  are  the  moraines  and  the  ice-border  river 
channels,  the  latter  correlating  with  lake  levels  and  shore  features. 

The  recession  of  the  ice-front  was  certainly  not  steady  or  continuous, 
but  must  have  had  considerable  oscillation,  readvaiires,  and  re-retreats. 
The  heavier  belts  of  moraine  and  the  lines  of  long-lived  ice-border  drain- 
age probably  represent  readvanced  positions. 

The  length  of  time  represented  by  the  passage  of  the  ice-front  across 
\ew  York  is  unknown,  but  is  certainly  scores  of  thousands  of  years. 
Probably  100,000  years  is  not  too  long.  We  may  not  judge  the  rate  of 
waning  by  the  present  behavior  of  the  ice-fronts  in  Greenland  and  Ant- 
arctica, 88  the  climatic  faetora  due  to  difference  of  latitude  must  have 
been  effective.  If  the  oscillations  of  the  ice-front  were  due  to  any  ir- 
regular or  nonperiodic  variations  of  climate,  then  we  can  have  no  idea 
of  the  time  involved  either  in  the  advance  or  the  waning  of  the  ice-sheet; 
and  the  only  periodicity  in  climatic  factors  now  recognized  that  seems 
adequate  is  the  precession  of  the  equinoxes,  having  a  variable  but  average 
period  of  about  81,000  years.  Taylor  has  studied  the  Cincinnati -Mack- 
inac moraine  series  from  this  viewpoint,  and  concludes  that  the  fifteen 
rather  equally  spaced  moraines  represent  75,000  to  150,000  years,  using 
the  minimum  length  of  the  precession  period.*  The  eight  or  ten  mo- 
rainic  belts  which  we  now  recognize  in  western  New  York  may  correlate 
with  that  many  on  the  Oincinnati-Mackinac  meridian,  but  the  recession 
of  the  ice-front  on  the  Hudson-Champlain  meridian  probably  represents 
a  much  longer  time  than  the  Ohio-Michigan  series. 

If  the  changes  in  geologic  climates  be  due  to  variation  in  solar  radia- 
tion it  is  conceivable  that  some  minor  secularity  might  be  responsible  for 
the  oscillations  of  the  ice-front.     Variation  in  the  amount  of  carbon 
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dioxide  content  of  the  atmosphere  can  more  reaBonabiy  be  invoked  to 
explain  the  larger  and  more  irregular  changes  in  ancient  climates  than 
for  the  shorter  and  more  regular  changes  that  caused  tlie  ice-front  oscil- 
lations. The  same  is  true  of  continental  elevation  as  a  cause  of  colder 
climate.  > 

Geologic  Effects  of  tub  Ice-sheet 
bb08ional  work 

The  subject  relating  to  glaciers  that  has  been  the  cause  of  the  greatest 
difference  of  opinion  is  the  erosive  power  or  destructional  work.  The 
writer  will  here  not  discuss  seriously  glacial  erosion  in  general,  but  only 
80  far  as  it  applies  to  New  York.* 

That  mountain  glaciers  abrade  their  valleys  and  by  moderate  erosional 
work  change  the  V-shape  to  the  U-shape  has  long  been  apparent.  The 
destructive  work  at  the  head  of  the  glacier  iu  production  of  cirques  is 
fully  recognized,  although  this  is  largely  atmospheric  effect.  All  argu- 
ment for  deep  erosion  by  glaciers  based  on  the  abraiiional  or  plucking 
action  of  mountain  or  stream  glaciers  fails  when  applied  to  New  York, 
as  there  were  no  effective  mountain  glaciers  in  New  England  and  New 
York,  at  least  not  during  the  waning  of  the  Laurentian  ice-body.  The 
ice  disappeared  from  the  more  elevated  tracts  while  lingering  in  the 
lowlands. 

Whatever  the  erosive  power  attributed  to  mountain  glaciers  of  Norway 
or  New  Zealand  it  can  not  be  invoked  here,  as  New  York  had  no  such 
glaciers.  We  have  to  consider  only  the  work  of  a  continental  glacier. 
Whatever  destructive  effects  an  ice^'ap  may  have  under  its  central  or 
subcentral  mass,  it  has  long  been  admitted  that  it  is  not  a  vigorous  ero- 
sive agent  in  its  border  zone  or  dissipating  belt.  The  district  in  New 
York,  the  Finger  Lake  area,  which  has  been  used  in  illustration  of  glacial 
valley  erosion,  was  always  in  merely  the  outer  zone,  or  that  of  predomi- 
naHt  deposition  by  the  Laurentian  glacier.  All  students  of  New  York 
geology  practically  agree  on  the  lack  of  vigorous  ice  erosion  over  all  the 
rest  of  the  State,  Those  who  have  worked  in  the  Adirondacks  and  in  the 
Champlain  and  St.  Lawrence  valleys  have  noted  the  proofs  of  weak 
erosion." 

It  has  been  shown  by  Gilbert  and  the  writer  that  erosion  was  weak  on 
the  Ontario  lowland  of  western  New  York.  The  claim  for  deep  erosion 
has  been  only  for  the  valleys  of  the  Finger  lakes,  specially  Cayuga  and 
Seneca,  the  claim  based  chiefly  on  anomalous  topographic  features. 
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The  advocates  of  glacial  deepening  of  the  valleys  appeal  either  to 
vigorous  currents  at  the  bottom  of  the  ice-sheet  or  to  the  tongue-like 
lobatioDS  of  the. ice-front,  to  deeply  gouge  the  bottoms  of  the  valleys  so 
as  te  produce  hanging  side  valleys  and  "oversteepening"  of  the  lower 
slopes  of  the  main  valleys.  The  existence  of  effective  baeal  currenta  in 
the  region  under  consideration  seems  highly  improbable.  The  general 
land  slope  was  opposed  to  the  ice-flow — that  is,  the  ice  was  mqving  on  an 
upslope.  The  lower  or  basal  ice  was  very  heavily  burdened  with  rock 
rubbish,  and  would  naturally  serve  as  the  bridge  over  which  the  upper 
ice  traveled,  partly  by  shearing  and  partly  by  superior  plasticity.  But  if 
for  argument  we  grant  the  existence  of  effective  bottom  currents,  then 
we  are  forced  to  concede  that  under  the  conditions  of  great  vertical  pres- 
sure, with  the  movement  on  an  upslope  in  soft  shale  rocks,  the  erosion 
would  have  to  be  by  abrasion  aud  not  by  phicking.  At  its  intensest,  abra- 
sion must  be  a  slow  and  a  self-checking  process.  Long  ago  Russell  em- 
phasized the  fact  that  plasticity  of  the  ic«  is  reduced  in  proportion  to  its 
burden  of  drift.  Admitting  this,  it  follows  that  an  excess  of  rock  stuff 
in  the  basal  ice,  the  inevitable  result  of  heavy  erosion,  would  produce 
stagnation.  Moreover,  the  excessive  product  of  grinding  would  serve  as 
a  buffer  to  protect  the  bedrock,  just  as  a  stream  full  loaded  with  detritus 
ceases  to  erode. 

If  the  lobations  or  valley  tongues  of  the  ice  margin  had  any  erosive 
effect  comparable  to  mountain  glaciers,  such  work  should  have  been  great- 
est south  of  the  land  divide,  or  where  gravity  directly  assisted  the  flow. 
But  the  conspicuous  lack  of  erosive  work  on  the  uplands  and  south  of 
the  divide  is  frankly  admitted.  In  description  of  the  area  covering  the 
eight  quadrangles  of  the  Watkins-Ithaca-Elmira-Owcgo  District,  in  the 
U.  S.  Geological  Survey  Folio  169,  Professor  Tarr,  who  was  the  leading 
advocate  of  glacial  erosion  of  the  Finger  Lake  valleys,  wrote: 

"In  barmouy  with  this  evldeore  of  sllgbt  erosion  is  tbe  fact  tbat  the  mature 
upland  divide  areas  bave  suffered  notable  modification  only  by  depoeitlon  and 
not  at  all,  so  far  as  cnn  be  seen,  by  toe  erosion"  (page  16). 

"In  the  southern  half  of  the  area  glnclal  erosion  was  not  suRlcient  to  remove 
tbe  products  of  preglnclal  decay  from  the  hills,  nor,  so  far  as  any  evidence 
goee  to  show,  to  modify  perceptibly  the  topography  even  of  the  valleys"  (page 


Xorth  of  the  divide  the  lobations  of  the  ice-front  were  pushed  up  the 
valleys  by  the  pressure  of  the  ice  in  their  rear,  and  were  so  heavily  loaded 
with  drift  that  they  were  not  eroding  but  depositing.  The  fact  of  super- 
load  of  drift  is  clearly  shown  by  Tarr's  map  of  the  snrficial  geology. 
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South  of  the  divide  morainal  drift  is  almost  entirely  lacking  in  the 
south-Jeading  valleys  and  only  scantily  represented  in  the  larger  east  and 
west  Susquehanna  and  Chemung  valleys.     Tarr  aaya: 

"On  tbe  upland,  soath  of  the  area  of  the  recessional  moraines,  little  moraine 
material  Is  tonud  and  no  (lefinlte  aystera  ban  been  worked  out 

"Tbe  complex  ot  moraines  In  the  northern  part  of  tbe  Watklos  Qlen  quad- 
rangle and  tbe  northwestern  part  of  the  Catatonk  quadrangle,  coutraeted  with 
the  general  absence  of  moraines  In  the  southem  half  of  the  area,  forms  one  of 
the  most  atrlklng  features  of  tbe  Qualernary  geology"  (page  17). 

The  heavy  morainai  drift  in  the  valleys  north  of  the  divide  was  not 
derived  from  erosion  of  those  valleys,  but  was  the  accumulated  rock  nib- 
ble acquired  by  the  lower  part  of  the  ice-eheet  during  its  entire  journey 
across  the  State.  When  the  ice  was  thick  enough  to  override  the  divide 
and  flow  south,  it  was  the  superficial,  ilrift-frec  ice  that  [)a8Bed  across, 
while  the  lower,  drift-loaded  and  relatively  stn<;nant  iee  rcjwsed  in  the 
Ontario  Basin  and  its  valleys,  serving  as  the  bridge,  that  was  overriden 
by  the  clearer  and  more  plastic  superficial  layers.  In  evidence  of  this  is 
tlie  relative  absence  of  drift  south  of  the  divide  and  the  ainiost  entire 
absence  of  crystalline  rocks  or  far-travelctl  material.    Quoting  Tarr: 

"In  tbe  uplands  south  of  llie  recessional  raorahiea  foreign  fragments  are 
much  more  rare,  and  lu  some  parts  of  the  uplands  a  careful  search  Is  required 
to  find  even  a  small  pebble  of  crystalline  rock,  while  bouldera  are  practically 
absent"  (page  16). 

To  whatever  extent  the  ice  in  the  margin  of  the  snowfield  was  pro- 
duced by  the  centrifugal,  anticvclonic  winds  from  the  interior  of  the  ice- 
cap, as  suggested  by  Ilobbs  from  study  of  the  existing  continental  gla- 
ciers,' it  also  favored  lack  of  drift  in  the  periphery  of  the  ice-body.  With 
the  waning  and  thinning  of  the  ice-cap  the  drift-loaded  lower  ice  was 
finally  uncovered  so  as  to  constitute  the  marginal  belt,  and  was  then  sub- 
jei'ted  to  thrust  or  push 'from  the  thicker  body  on  the  north.  At  this 
stage  the  heavy  moraine  deposits  were  made  in  the  valleys,  producing 
the  present  drainage  divide,  and  the  lobations  of  the  ice-front  built  the 
eoncentric  lateral  terminal  ridges  north  of  the  divide.  At  a  later  stage 
of  the  waning,  when  the  required  factors  were  properly  combined  and 
balanced,  the  drumlins  were  constnicted  on  the  lowlands,  northward. 

Many  facts  are  cited  by  Tarr  showing  the  impotency  of  the  latest  ice- 
sheet,  and  he  finally  admitted  that  the  "Wisconsin  ice-sheet  failed  to 
notably  modify  the  topography  in  the  greater  part  of  this  area"  (page 
16). 

•  CbaraclFrlitica  of  exUtlng  gUclen,  1911. 
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This  would  seem  to  terminate  the  debate  about  glacial  erosion  in  the 
Finger  Lake  District.  But  it  does  not,  as  the  responsibility  for  the 
anomalous  topography  is  shifted  back  to  the  p re-Wisconsin  glaciers. 

"TIlIb  carrlei  with  it  the  necessity  of  believing  In  1,500  feet  of  vertical 
erosion  In  the  Seneca  Valley  by  the  continued  lee-work  of  at  least  two  periods 
ot  glacial  occupation,  separated  by  an  Interval  of  gorge  cutting  several  tlmefl 
u  long  as  tbe  postglacial  interval"  (page  16). 

'The  statement  Is  warranted,  therefore,  that  these  valleys  have  been  pro- 
fOQodly  modified  by  glacial  eroalou,  both  by  decpeului;  and  broadening"  (page 
30). 

"But  bere,  as  In  the  process  of  glncbil  Ktreaiu  erosion,  tbe  bulk  of  the  work 
was  done  by  an  earlier  Ice  advance"  (page  31). 

It  is  admitted  that  ice-sheets  may  have  some  iudividuahty,  and  that 
successive  sheets  on  the  same  territory  may  liave  sotnewhat  different  be- 
havior and  produce  different  effects  due  to  differences  in  tlie  climatic, 
topographic,  and  drift  factors ;  but  it  does  not  seem  reasonable  that  one 
ice-sheet  could  deepen  Seneca  Valley  1,500  feet,  while  its  successor  did 
practically  no  eroding  at  ail.  If  the  pre-Wisconsin  ice-sheet  had  such 
remarkable  excavating  power,  it  should  have  produced  conspicuous  ero- 
sional  effects  elsewhere  than  in  the  valleys,  and  specially  in  the  southern 
part  of  the  State,  and  should  have  piled  heavy  "old  drift"  deposits  be- 
yond the  reach  of  the  Wisconsin  ice. 

The  drift  burden  of  the  Laurentian  ice-sheet  is  represented  not  merely 
by  the  mass  of  the  moraines  and  the  vohinie  of  detritus  carried  away  by 
the  glacial  drainage,  hut  also  by  the  enormous  hulk  of  drift  built  into 
the  drumline.  Even  if  the  drumlius  were  partly  constructed  by  the 
earlier  ice-sheet  they  can  not,  because  of  their  location,  represent  any 
product  of  deep  erosion  of  the  sections  of  Seneca  and  Cayuga  valleys  in 
question.  There  are  no  heavy  moraine  deposits  south  of  tbe  Valley- 
Heads  moraine,  for  the  terminal  moraine  is  not  massive,  and  the  ancient 
drift  in  Pennsylvania  and  New  Jersey  is  not  excessive  in  volume.  The 
only  other  disposal  of  the  great  volume  of  debris  that  should  have  been 
prot^Qced  by  deepening  of  the  valleys  1,500  feet  must  have  been  by  out- 
wash  of  the  glacial  drainage.  But  when  the  valley-train  and  outwash 
dqKuits  attributed  to  the  latest  ice  are  considered  there  is  no  very  lar^ 
volume  left  to  represent  any  earlier  drainage. 

The  entire  argument  for  deep  ice  erosiou  in  the  Finger  Lake  region 
is  based  on  physiographic  features,  hanging  valleys  and  "oversteepened" 
valley  walls.  The  writer  believes  that  sufficient  attention  has  not  been 
Riven  to  the  effects  of  pre- Pleistocene  drainage  in  connection  with  the 
climatic,  topographic,  and  diastrophic  factors.     The  high  elevation  of 
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the  northern  part  of  the  continent  in  Tertiary  time  seems  to  be  a  fact 
and  accompanied  by  warm  climate.  If  necessary  to  eiplain  phenomena 
we  may  assume  effective  vertical  movements  in  our  region.  The  Tertiary 
was  certainly  a  time  of  vigorous  drainage  and  remarkable  valley-cutting 
in  northern  lands.  When  the  iiord  valleys  were  making  in  other  lands 
what  was  doing  here?  Undoubtedly  our  rivers  were  also  active,  and  the 
deep  vall^s  of  central  New  York  are  one  result. 

At  the  last  Baltimore  meeting  of  the  Society  the  writer  exhibited  a 
series  of  maps  suggesting  the  drainage  evolution  in  New  York.'  The 
high  "hung-up"  valleys,  with  northeast  by  southwest  direction,  and 
mostly  without  present  streams,  seem  to  be  an  inheritance  from  the 
primitive  drainage  on  the  new  land  surface.  The  drainage  lines  of  the 
upper  tributaries  to  the  Delaware  and  Susquehanna  rivers  preserve  their 
original  direction.  During  some  pre-Pleistocene  time  the  development 
of  subsequent  valleys  along  the  strike  of  the  thick  and  weak  Ontario 
strata  resulted  in  a  great  east  and  west  valley  carrying  a  great  trunk 
stream,  the  hypothetical  Ontario  River.  Into  this  valley  was  drawn  from 
the  south,  as  obsequent  streams,  all  the  drainage  of  western  and  central 
New  Yorii  and  the  adjacent  territory  of  northern  Pennsylvania,  The 
Susquehanna  River  turned  northward  at  Elmira  and  occupied  the  Seneca 
Valley,  which  probably  accounts  for  the  excessive  depth  of  the  valley,  a 
drilling  at  Watkins  of  1,800  feet  failing  to  reach  rock.  The  Genesee 
Biver  is  the  one  stream  which  fully  represents  the  preglacial  northward 
flow,  having  held  its  northward  direction  clear  across  the  State  in  .spite 
of  the  tendency  of  glaciation  to  force  it  into  southward  flow.  All  the 
other  drainage  of  south-central  New  York  was  forced  to  southward  es- 
cape, mostly  in  tribute  to  the  Susquehanna  and  through  the  new  rock 
gorge  at  Towajida,  Pennsylvania.  A  late  and  probably  rapid  land  up- 
lift, rejuvenating  the  obsequent  drainage,  will  probably  be  found  to  satis- 
factorily account  for  the  great  depth  and  other  anomalous  features  that 
have  been  used  as  arguments  for  deep  glacial  erosion  in  New  York. 
Interglacial  drainage  may  be  important  in  this  work. 

It  will  now  be  understood  that  when  the  earliest  ice-sheet  invaded  New 
York  it  found  a  topography  unlike  the  present — a  remarkable  series  of 
parallel,  deep,  open,  north-sloping  valleys  that  headed  southward,  the 
larger  ones  in  Pennsylvania,  The  present  divides  in  the  valleys  are  due 
to  the  moraine  fillings  left  by  the  ice.  The  deep  canyon-like  valleys  were 
occupied  by  the  glacier  and  some  abrasion  and  femoothing  of  the  walls 
was  inevitable.    But  it  should  not  be  forgotten  that  the  ice-tongues  in 

<  Bull.  OfoI.  Bdc.  Amerle*.  vol.  20,  IBIO,  pp.  668-870. 
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these  valleys  were  not  mountain  glaciers,  but  merely  lobations  of  a  drift- 
bnrdened  margin  of  an  ice-sheet  moving  on  an  npslope.  Conceding  some 
erosive  power  to  the  ice-tongues  in  the  valleys,  then,  instead  of  deepening 
the  valleys  and  oversteepeuing  the  walls,  and  so  prodncing  the  present 
convex  cross-profiles,  they  should  have  cut  the  walls  and  widened  the  val- 
leys and  produced  concave  profiles.  In  the  work  of  stream  glaciers  con- 
vexity of  valley  slope  is  succeeded  by  concavity.  In  final  word  to  a  d'is- 
I'ussion  already  too  long,  in  the  opinion  of  the  writer  all  the  facts  and 
philosophy  of  ice  erosion  argue  against  deep  glacial  erosion  in  the  Finger 
Lake  valleys. 

One  interesting  product  of  glacial  erosion  is  to  be  noted.    These  are 
some  hills  which  have  the  form  and  attitude  of  true  dmmlins,  but  which   ■ 
are  composed  of  soft  shale,  shaped  into  drumlin  form.    These  rocdrum- 
lins  will  be  described  later. 

CONSTRUCTIONAL  WORK 

Subglacial:  drumlins. — The  general  drift  sheet  presents  no  special 
features  meriting  description  at  this  time.  The  important  subglacial  de- 
posits are  the  drumlins.  New  York  State  probably  has  the  best  display 
of  these  interesting  hills  of  any  district  in  the  world — ^in  number,  variety 
of  form,  variety  in  orientation,  difference  in  composition,  and  in  the 
clear  relationship  to  the  correlating  moraines. 

Much  space  might  be  given  to  description  of  .these  singular  and  most 
beautiful  hills,  but  they  have  already  been  quite  fully  described  in  a 
bulletin  of  the  State  Museum.* 

Possibly  in  other  regions  there  may  be  drumlins  produced  by  the  ice 
overriding  and  reshaping  moraines,  but  all  the  true  drumlins  observed 
in  New  York  are  certainly  constructional  in  their  origin.  The  New 
York  moraines  are  mostly  water-laid  drift,  specially  norUi  of  the  divide, 
the  debris  in  the  ice  being  largely  grasped  by  the  glacial  drainage.  If 
the  drumlins  were  moraine  accumulations  they  would  have  morainal 
composition  and  structure.  On  the  contrary,  they  are  very  compact  till, 
distinctly  bedded  with  concentric  structure.  The  best  exhibition  of  the 
bedding  is  shown  along  the  shore  of  Lake  Ontario,  between  Sodns  and 
Oswego,  where  the  undereutting  hy  the  waves  has  dissected  numerous 
drumlins  from  top  to  bottom  and  in  different  directions.  Sand  or  gravel 
within  the  ma«fl  of  the  drumlin  is  of  infrequent  occurrence,  though  some 
of  the  drumlins  between  Clyde  and  Savannah  hold  considerable  sand  in 
their  superficial  layers.     Many  drumlins  exhibit  decided  difference  be- 
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tween  the  deeper  and  the  superficial  till,  sometimes  bo  pronounced  as  to 
suggest  two  epochs  of  couEtniction. 

Along  the  belt  of  outcrop  of  the  soft  Salina  shales  there  are  dnimlins 
which  have  a  shale  base,  and  perhaps  some  with  a  shale  core.  Fifteen 
miles  northwest  of  Syracuse  and  west  of  Baldwinsville  the  drumlin  forms 
are  entirely  shale.  The  deeply  weathered  clay  rock  supplied  to  the  ice- 
sheet  a  plastic  material  similar  in  its  behavior  to  the  ground  moraine. 
These  hilla  are  not  true  drumlins.  They  are  wholly  erosional  in  origin, 
as  indeed  are  the  true  drumlins  in  their  shaping.  We  have  called  them 
rocdnunlinB,  using  the  Celtic  prefix.  It  is  possible  that  similar  forms 
will  be  found  in  the  Champlain-Hudson  A'^alley,  shaped  out  of  the  softer 
Ordovician  shales.  The  ice-sheet  does  not  appear  to  have  had  scraping 
force  sufficient  to  shape  into  the  drumlin  curve  any  rock  hills  of  harder 
materials  than  soft  shale,  though  bosses  of  crystalline  rocks  in  the  St. 
Lawrence  Valley  and  other  districts  of  long-continued  abrasion  are 
rounded  Eind  smoothed  on  the  struck  sides. 

The  mechanics  of  drumlin  construction  is  a  complex  problem.  The 
required  cooperation  and  balancing  of  several  dynamic  factors  make  the 
drumlina  exceptional  features  even  in  the  glaciated  territory.  The  more 
important  constructional  factors  appear  to  be:  (1)  an  excessive  amount 
of  drift;  (Z)  the  drift  of  clayey  or  adhesive  and  plastic  material;  (3) 
such  thickness  of  marginal  ice  and  with  such  relation  to  the  rearward 
ice-body  that  tJie  whole  depth  of  ice  accepts  a  thrustal  movement,  pro- 
ducing ft  eliding  motion  of  the  ice  in  ground  contact;  (4)  such  tem- 
perature or  physical  condition  as  to  allow  plasticity  and  some  differen- 
tial motion  within  the  ice,  essential  for  the  overriding  of  the  growing 
obstruction  instead  of  its  removal.  Here  is  found  a  singular  balancing 
of  two  opposing  factors — rigidity  and  plasticity — rigidity  holding  the 
ice-maas  as  a  whole  to  its  thrustal  motion,  while  at  the  same  time  bands 
or  currents  within  the  ice-sheet  have  unequal  motion,  permitting  the 
curving  or  arching  flow  over  the  growing  hill  of  drift.  The  drumlin- 
making  process  appears  to  be  a  plastering  on  and  a  rubbing  down,  de- 
pending on  the  condition  of  more  friction  between  clay  and  clay  than 
between  clay  and  ice.  The  resulting  form  of  the  growing  obstruction  is 
that  which  offers  the  greatest  resistance  to  removal  or  the  least  resist- 
ance to  the  passage  of  the  ice  over  it.  The  molding  action  of  the  ice- 
aheet  is  well  shown  by  the  minor  ridges  in  some  districts ;  the  secondary 
and  tertiary  inferior  ridges  lying  on  the  flanks  of  or  between  the  primary 
ridges  suggest  the  wood  molding  struck  in  the  planing  mill. 

The  complex  of  forces  and  conditions  necessary  for  drumlin  construc- 
tion explains  their  peculiar  distribution,  orientation,  and  form.    la  the 
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western  half  of  New  York  the  rich  display  of  drumlins  (nearly  a  thou- 
sand ridges  being  shown  by  the  contours  on  the  Palmyra  sheet  alone)  is 
practically  limited  to  the  territory  north  of  the  divide,  where  the  drift 
vas  profuse  and  the  thinning  ice  was  pushing  ou  an  upslope.  In  the 
Ontario  Basin  their  attitude  or  direction  of  the  major  axis  is  radial  to 
the  middle  of  the  basin,  varying  from  due  east  to  southwest.  In  the 
Erie  Basin  a  group  about  Chautauqua  Lake  points  southeast,  while  in 
the  Uohawk  Valley  north  of  Richfield  Springs  a  group  has  westward 
pointing.  In  the  Champlain  and  Hudson  Valley  the  drumlins  point 
southward.  In  the  St.  Lawrence  Valley  they  show  a  spreading  flow. 
Everywhere  they  show  the  later  ice-flow  direction. 

The  moat  typical  dnimlin  form,  that  which  seems  to  express  the  most 
vigorous  action  and  elTective  balancing  of  the  several  factors,  is  an  elon- 
gated oval,  with  steep  convex  side  slopes,  and  these  are  found  in  the 
middle  of  the  drumlin  belt.  New  York  exhibits  all  possible  variations 
from  this  form.  The  shorter  ridges,  sometimes  approaching  dome-shape, 
but  usually  with  some  irregularity  or  lack  of  symmetry,  are  found  at  the 
north  or  proximate  side  of  the  drumlin  belt,  which  suggests  that  the 
broad  form  is  the  product  of  less  perfect  work.  The  much  elongated  and 
attenuated  ridges  lie  at  the  south  or  iiltimate  side  of  the  belt,  and  indi- 
cate the  more  uniform  or  rigid  flow  of  the  ice-sheet  with  deficiency  of 
drift. 

In  the  western  end  of  the  State  the  till  sheet  over  large  areas  has  been 
rubbed  into  a  fluted  or  washboard  form  on  a  large  sdale,  but  with  low 
relief.  It  is  inferred  that  this  drumlinized  surface,  with  ribs  one-fourth 
to  one-half  mile  wide,  represents  the  work  of  thick  ice  having  great 
weight  and  vertical  pressure,  with  diminished  plasticity  and  carrying 
only  a  moderate  load  of  drift.  The  direction  of  the  flutings,  southweet- 
ward,  is  the  direction  of  flow  of  the  maximum  ice-body. 

In  central  New  York  we  have  been  able  to  definitely  correlate  the 
drumlin  belt  with  its  synchronous  moraine;  to  determine  the  position  of 
the  ice-front  during  the  drumlin-making  episode.  On  the  meridian  of 
Seneca  and  Cayuga  lakes  the  drumlins  of  the  north  side  of  the  belt  are 
more  scattering  and  irregular  in  form.  In  the  middle  of  the  belt  they 
are  close-set,  typical  elongated  ovals.  Southward  they  become  close-set 
ridges  with  secondary  flutings,  while  at  the  south  edge  of  the  belt  they 
are  slender  ridges  and  flutings,  too  attenuated  to  be  represented  by  the 
20-foot  contours  of  the  topographic  sheets.  It  would  require  at  least 
5-foot  contours  to  show  the  frontal  drumlinized  surface.  Two  miles  in 
front  of  the  mo?t  southerly  ridges  indicated  on  the  Geneva  sheet  lies  a 
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weak  but  definite  moTaine.  It  is  weak  because  the  ice  had  plastered  its 
load  of  drift  into  the  drumlins. 

From  the  relation  of  the  ice-front  to  the  glacial  waters  and  other  data, 
it  has  been  roughly  estimated  that  the  thickness  of  the  iee  over  the  mid- 
dle of  the  dnunlin  belt  was  about  900  feet,  or  more  than  700  feet  over 
the  tops  of  the  highest  drumlins. 

Marginal:  moraines. — ^The  only  map  published  to  the  present  time 
that  shows  moraines  in  detail  is  that  by  Tarr  in  the  Watkins  tilen-Cata- 
tonk  Folio  (No.  169),  which  is  accompanied  by  good  description.  This 
map,  Surficial  Geology,  covers  ei^t  quadrangles  of  the  south-central 
portion  of  the  State,  and  includes  the  upper  (southern)  ends  of  the 
Seneca  and  Cayuga  valleys.  Except  a  few  fragmentary  moraines  in  the 
east  and  west  stretch  of  the  Susquehanna  and  Chemung  valleys,  there 
are  almost  no  moraines  south  of  the  divide,  as  already  noted  in  this  writ- 
ing. The  lines  of  drift  massing  show  decided  lobation  of  the  ice  in  the 
valleys  north  of  the  divide  and  conformity  to  the  land  surface.  The 
plastic  ice  was  here  flowing  on  its  own  deposits  and  had  no  erosive  power. 
Probably  the  only  moraines  in  the  State  that  can  properly  be  called 
"lateral"  lie  in  these  valleys. 

In  the  west  half  of  the  State  the  heavier  or  more  conspicuous  moraiuic 
belts  have  been  approximately  located,  though  little  precise  mapping  has 
been  attempted.  The  most  recent  and  definite  is  by  Leverett,*  and  a 
sketch  cap,  figure  11,  page  15,  in  the  Folio  169.  These  morainic  belts 
clearly  show  the  larger  lobation  of  the  waning  ice-sheet  in  the  Ontario 
and  Erie  basins. 

In  the  east  half  of  the  State  the  moraines  have  been  located  in  only 
few  places,  excepting  the  terminal  moraine.  In  the  Hudson  and  Cham- 
plain  Valley  Woodworth  has  recognized  some  fragments  and  ice  contacts. 
This  difference  in  moraine  development  between  the  two  parts  of  the 
State  is  due  to  the  difference  in  the  gross  topography,  A  glance  at  the 
map  shows  that  on  the  Hudson-Champlain  meridian  the  distance  cov- 
ered by  the  receding  ice-front  is  greater  than  in  the  Ontario  Basin,  so 
spreading  the  drift  over  more  area.  The  rocks  in  the  east  part  of  the 
State  are  more  resistant  to  erosion,  due  to  kind  and  structure.  The 
Hudson  ice-lobe  and  its  successor  in  the  Champlain  Valley  were  always 
faced  by  ocean  waters,  and  the  terminal  drift  in  the  bottom  section  of  the 
great  valley  was  mostly  scatterwl  and  buried  under  the  water  deposit*. 
On  the  high  grounds  east  and  west  of  the  marine  inlet  the  surfaces  are 
so  rough,  or  even  mountainous,  that  the  moraine  deposits  lack  continuity 
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and  volume.  It  will  be  very  difficult  to  trace  morainic  belts  across  the 
HudsoD-Champlain  Valley  with  certainty,  though  it  is  important  to 
know  the  lines  of  the  receding  ice-front. 

Work  of  olacial  Watebs 

strbams:  ehobional 

Normal  drainage. — It  is  apparent  that  the  Sow  of  glacial  waters  freely 
away  from  the  ice  could  occur  only  south  of  the  divide,  and  as  the  pres- 
ent divide  was  established  by  morainal  filling  and  lies  north  of  the  pre- 
glocial  divide,  much  of  the  southward  flow  was  drainage  of  ice-dunmed 
waters,  and  that  some  of  the  present  south-leading  channels  were  cut  by 
the  glacial  waters.  The  pieglacial  flow  of  the  main  streams  was  north- 
ward, but  the  tributaries  had  various  directions.  The  glacial  drainage 
took  advantage  of  the  favoring  valleys  and  connected  them  into  sequence 
of  southward  flow.  Tarr  thought  that  the  work  of  stream  diversion  and 
of  channel  eroaion  was  mainly  pre -Wisconsin  for  the  district  described 
in  the  Folio  169  (page  30).  He  specially  cites  the  outJet  of  Cayuga 
Lake,  the  gorge  of  Tiougbnioga  Creek,  and  the  gorge  of  Chemung  River 
behind  Hawes  Hill,  west  of  Elmira.  The  copious  waters  from  the  wan- 
ing Laureutian  ice-sheet  were  supplied  with  such  volume  of  detritus  that 
they  were  largely  aggrading  agents.  It  is  possible  that  the  south-leading 
valleys  were  mostly  established  by  pre-Wisconsin  glacial  drainage,  and 
that  the  work  of  the  latest  glacial  floods  was  chiefly  transportative.  In 
the  eastern  half  of  the  State  the  glacial  outflow  was  freely  into  the  Sus- 
quehanna and  Delaware  escape  or  into  the  Hudson- Champlaln  marine 
inlet,  80  there  was  no  necessity  for  cutting  new  channels. 

The  heaviest  normal  drainage  was  that  in  south-central  New  York, 
concentrated  hx  the  Susquehanna,  which  cut  the  gorge  south  of  Sayre, 
Penneylvania,  and  the  river  which  drained  Lake  Iroquois  through  the 
Mohawk  Valley,  the  Iromohawk.  This  great  river  was  the  predecessor 
of  the  St.  Lawrence,  which  it  probably  exceeded  in  volume,  as  it  carried 
not  only  the  outflow  of  the  glacial  Great  Lakes,  but  the  copious  waters 
from  the  glacial  melting. 

Subglacial  drainage. — This  class  of  glacial  streams  has  been  noted 
chiefly  in  relation  to  eskera,  which  fall  under  another  head  in  this  writ- 
ing. It  is  not  likely  that  all  eskers  were  laid  down  in  the  beds  of  streams 
actually  beneath  or  in  tunnels  under  the  ice-sheet,  though  some  probably 
were.  Probably  most  subglacial  or  englacial  streams  were  fully  loaded 
with  detritus,  and  it,  is  not  likely  that  many  streams  beneath  the  ice 
margin  were  so  free  of  drift  or  under  Boch  hydraulic  pressure  as  to  eeri- 
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oualy  erode  their  beds.  However,  a  few  peculiar  chaooelB  or  "dead" 
creeks  have  been  noted  which  have  such  form  aod  relations  as  to  suggest 
eroeional  flow  beneath  the  stagnant  margin  of  the  ice.  One  of  these 
bayou-like  chaunele  ie  that  of  Dead  Creek,  a  tributary  of  Seneca  Uiver, 
lying  southwest  of  Baldwinsville  and  mapped  on  the  BaldwinsviUe  sheet. 

Marginal  drainage. — ^This  class  of  drainage  phenomena  includes  many 
of  the  most  conspi^moua  and  interei^ting  features  connected  with  the  dis- 
appearance of  the  ice-sheet,  and  they  have  been  the  subject  of  much  work 
by  the  writer.  The  ice-border  drainage  channels  are  important,  as  they 
locate  ice-front  positions  and  determine  the  altitude  of  the  glacial  lakes 
which  they  drained.  They  are  humanly  or  economically  important,  since 
Lhey  have  graded  the  ways  for  many  lines  of  communication  or  trans- 
portation. And  they  are  specially  valuable  for  geologic  instruction,  since 
they  are  widely  distributed  and  easily  recognized  products  of  long  extinct 
agencies. 

It  is  evident  that  stream-flow  along  the  i<re-margin  could  occur  only 
where  the  land  surface  sloped  toward  the  ice,  and  consequently  only 
north  of  the  divide.  The  remarkable  physiography  of  the  western  half 
of  the  State  favored  the  production  of  glacial  lakes,  which  required  out- 
let channels  for  the  imprisoned  waters. 

The  most  notable  series  of  ice-border  drainage  channels  occur  in  five 
districts,  (1)  On  the  south  slope  of  the  Erie  Basin,  where  the  ice-im- 
pounded wateis  in  the  north-stuping  valleys  escaped  westward  into  the 
Erian  glacial  lakes.  (2)  Along  the  south  slope  of  the  Ontario  Basin 
the  glacial  waters  found  eastward  escape  toward  the  Mohawk-Hudson 
depression.  (3)  On  the  Helderberg  scarp,  west  of  Albany,  the  waters 
of  the  Ontario  and  Mohawk  basins  escaped  southward  into  the  Hudsou 
marine  inlet.  (4)  In  the  district  about  Rome,  at  the  east  end  of  the 
Ontario  Basin,  the  waters  both  from  the  north  and  the  west  flowed  alon^ 
the  sides  of  the  ice-lobe  to  reach  the  Mohawk  Valley.  (5)  On  the  north 
and  west  sides  of  the  Lowvllle  highland  the  waters  of  the  southwestern 
Adirondacks  and  the  Black  Valley  for<*d  their  passage  into  Lake  Iro- 
quois. 

The  channels  leading  east  through  central  New  York,  more  conspicu- 
ously developed  in  the  Syracuse  District,  were  the  predecessors  of  Ni- 
agara River  in  their  function,  the  equal  of  Niagara  in  volume  and  the- 
rival  of  Niagara  in  cataract  phenomena. 

The  successor  of  the  Iromoliawk  and  the  immediate  predecessor  of  the 
St.  IjBwrence  was  the  outlet  river  of  the  second  Lake  Iroquois.  This 
flowed  across  the  north  jwint  of  the  Adirondack  highland,  at  Covey  Oulf, 
on  tlie  international  boundary,  with  further  flow  in  ice-border  channela 
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aloD^  the  slopes  northwest  of  Plattsburg,  on  the  Daiinemora  and  Mooere 
quadrangles. 

BTRBAMS:  COXaTRVCTIOS'AL 

Subglaciai:  eskers. — ^The  singular  ridges  of  gravel,  the  laggard  ma- 
terial in  the  beds  of  glacial  streams,  are  well  represented  in  the  western 
part  of  the  State  and  occur  in  the  eastern  ])art.  Those  lying  in  the 
northwestern  section  of  the  State  have  been  studied,  but  the  results  are 
not  published.  Tarr  describes  in  Folio  169  (pages  23-23)  several  which 
lie  in  the  Susquehanna  drainage  territory  and  of  large  dimensions,  and 
Carney  recognizes  nine  on  the  Moravia  ({iiadrangle.  Eakers  may  not 
occur  on  southward  slopes,  where  the  glacial  streama  had  steeper  gra- 
dient and  free  flow,  but  in  localities  where  the  ice-margin  was  compara- 
tively stagnant  and  the  drainage  was  sluggish. 

The  argument  for  subglaciai  origin  of  eskers  finds  some  support  in 
the  New  York  examples.  Tarr  regarded  some  of  those  in  the  Susque- 
hanna District  as  certainly  made  by  subglaciai  streams.  An  esker  four 
miles  east  of  Clayton  was  deposited  about  .160  feet  beneath  the  level  of 
Lake  Iroquois,  which  was  laving  the  ice-front,  and  it  is  difficult  to  ex- 
plain how  it  could  have  been  constructed  and  its  definite  ridge  form 
preserved  unless  it  was  built  directly  on  the  ground.  The  same  argu- 
ment applies  to  the  Ingraham  esker,  north  of  Plattsburg. 

Extraglacial:  kames. — Isolated  mounds  of  sand  or  gravel  are  usually 
embryo  deltas  of  glacial  strcamt^,  and  arc  commonly  associated  with 
eskers.  By  linear  multiplication  they  not  infrequently  grade  into  esker 
ridges. 

As  kanies  are  built  at  the  debouchure  of  glacial  streams  they  Indicate 
positions  of  the  ice-edge.  Areas  of  kames  lie  in  belts  of  rece.'wional  mo- 
raines, and  indeed  coustitute  a  large  part  of  the  Xew  York  moraines. 
The  glacial  debris  which  was  not  spread  as  the  till  sheet  or  rubbed  into 
drumlins  was  largely  gathered  up  by  the  drainage  and  dropped  as  some 
form  of  water-laid  drift. 

In  western  New  York  a  few  large  kame  ai-eas  are  not  closely  con- 
nected or  clearly  associated  with  any  conspicuous  moraine  belt,  but, 
nevertheless,  must  represent  recessional  moraine.  It  is  possible  that 
some  smaller  kames  might  have  been  built  by  land  drainage  into  lateral 
glacial  lakelets,  but  detritus  from  land  erosion  must  commonly  have  prn- 
duce<i  deltas  or  sand  plains  and  be  easily  recognized  by  form  and  associa- 
tion. The  great  development  of  kames,  at  least  in  western  New  York,  is 
north  of  the  divide  and  they  were  built  in  the  waters  of  the  glacial  lakes. 
This  association  with  standing  waters  is  so  pronounced  that  it  gives  force 
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to  the  idea  that  all  typical  kames  are  formed  by  streamH  debouching  into 
water  bodies,  and  sometimes  by  subgtacial  streams  under  hydraulic  pres- 
sure. Streams  debouching  on  the  land  would  naturally  produce  either 
outwash  plains  or  valley  trains.  The  fact  that  basins  or  kettles,  believed 
to  be  due  to  melting  out  of  buried  ice  blocks,  are  ueually  abundant  in 
areas  of  kames  seems  to  prove  that  the  materials  were  laid  down  in  stand- 
ing water  in  close  association  with  the  stagnant  ice-margin,  cither  on 
the  ice  or  in  hollows  and  valleys  and  reentrants  in  the  ice. 

Extraglacial :  outuask  plains. — These  are  the  gravel  and  sand  deposits 
Bpread  out  in  front  of  the  glacier  by  the  outflow  of  the  glacial  streams 
and  which  can  not  be  classed  on  the  one  hand  as  deltas  or  on  the  other 
as  valley  trains.  Water-laid  drift  in  facial  contact  or  close  association 
with  the  moraines  and  which  can  not  be  distinguished  either  as  delta, 
kame,  or  valley  train  may  safely  be  put  in  the  indefinite  class  of  outwash 
gravel  plains.  North  of  the  divide  where  built  in  lakes  they  grade  into 
deltas  and  kames.  South  of  the  divide  they  constitute  most  of  the  valley 
fillings,  specially  of  the  broader  valleys  which  lay  athwart  the  direction 
of  ice-flow. 

A  not  uncommon  feature  of  the  gravel  plains,  and  one  which  shows 
the  close  illation  to  the  glacier  front,  is  the  existence  of  ice-block  kettles. 
The  term  "pitted  plain"  has  been  applied  to  the  sand  plains  with  numer- 
ous kettles.  Another  feature  indicating  their  genesis  is  the  preseiration 
in  some  cases  of  the  ice-contact  slope.  The  outwash  sand  and  gravel 
plains  are  more  common  in  the  soutliwest  part  of  the  State  and  in  the 
Hfohawk  Valley.  In  the  highlands  the  drainage  was  too  free  and  vigor- 
ous. In  the  Champlaiu-Hudson  Valley,  lower  levels,  the  sealevet  waters 
distributed  the  glacial  stream  detritus,  or  it  was  buried  under  the  deluge 
of  sand  contributed  by  the  rivers  since  the  ice  disappeared.  The  very- 
extensive  sand  plains  on  both  sides  of  the  Hudson  River  and  Lake  Cham- 
plain^ — for  example,  the  Saratoga  District — must  be  classed  as  marine 
deltas:  but  on  the  walls  of  the  great  valley  above  the  marine  plain  Wood- 
worth  has  noted  ice-contact  slopes  of  glacial  outwash  deposits.  In  the 
Susquehanna  District  Tarr  found  numerous  plains  of  this  class. 

Ertrag'ocial :  valley  trains. — South  of  the  divide,  where  the  drainage 
had  free  eticape,  some  detrital  filling  of  the  valleys  is  common  and  occa- 
sionally abundant.  The  high-level  floodplains  along  the  valley  sides  and 
the  elevated  deltas  of  lateral  tributaries  testify  to  the  glacial  floods  and 
their  burden  of  detritus.  The  deposit  by  glacial  flow  is,  of  course,  inter- 
mingled with  and  in  places  buried  under  land-stream  detritus.  The  val- 
ley trains  may  be  regarded  as  heading  in  outwash  plains,  and  one  might 
regard  the  glacial  gravel  deposits  in  the  entire  length  of  the  valleys  north 
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of  the  terminal  moraine  ae  outwaeh.  This  view  would  refltrict  the  true 
valley  trains  to  the  fillings  of  valleys  beyond  the  terminal  moraine  or 
reach  of  the  ice-sheet.  In  this  latter  view  the  valley-traiu  drift  would 
occur  in  New  York  only  along  the  south  side  of  Long  Island  and  in  the 
small  area  south  of  the  Allegany  River. 

LAKBa:  QS.ACIAL 

Occurrence. — The  term  "glacial"  is  used  by  the  writer  to  include  only 
lakes  which  existed  by  virtue  of  a  glacier  ice-barrier.  The  lakes  and 
lakelets  now  existing  and  called  "glacial"  by  some  authors  should  be 
discriminated  mostly  as  morainal  or  drift-barrier  lakes. 

The  conditions  necessary  for  a  glacial  lake  are  a  valley  or  depression 
sloping  toward  and  blocked  by  the  ice-front.  These  conditions  were  ful- 
filled in  Xew  York  on  so  large  a  scale,  in  area  and  time,  that  the  State, 
it  is  confidently  believed,  held  the  largest  number  of  glacial  lakes  and  the 
moat  remarkable  succession  with  varied  outflow  of  any  district  in  the 
world.  The  reason  for  thia  superiority  is  found  in  the  peculiar  topog- 
raphy of  the  western  part  of  the  State.  In  the  great  Ontario-Brie  Basin 
we  have  a  broad  depression,  with  its  lowest  passes  on  the  east  and  west, 
and  with  a  deeply  trenched  southern  slope,  where  lie  the  parallel  valleys 
of  the  Finger  lakes. 

The  only  glacial  lakes  of  which  clear  evidnce  is  preserved  are  those 
which  lay  against  the  receding  front  of  the  latest  ice-sheet.  But  it  should 
be  clearly  understood  that  every  ice-sheet  which  transgressed  the  State 
blocked  the  waters  both  during  its  advance  and  its  recession. 

We  do  not  know  what  portions  of  the  Valley-Heads  moraine,  which 
now  constitutes  the  divide  and  forms  the  south  limits  of  the  basin,  were 
left  there  by  pre-Wisconsin  ice-sheets,  but  we  may  be  quite  sure  that  the 
lakes  during  the  advance  of  even  the  last  glacier  were  somewhat  differ- 
ent in  dimensions  and  relations  from  those  of  the  ice  recession  which 
are  the  subject  of  our  field  etrnly.  We  may  also  be  sure  that  the  earliest 
ice  invasion  found  the  series  of  parallel  valleys  with  fairly  mature  and 
graded  forms  and  open  clear  through  to  their  heads,  and  the  larger  ones 
heading  in  Pennsylvania.  Those  earliest  ice-impounded  lakes  must  have 
been  longer  and  deeper  in  the  valleys  than  the  takes  of  later  episodes, 
when  the  valleys  had  become  more  or  less  occupied  by  glacial  and  lake 
deposits.  The  lacustrine  conditions  of  the  episodes  antedating  the  Lau- 
rentian  ice-retreat  are  as  yet  a  matter  of  interesting  speculation.  One 
further  difference  may  be  noted  between  the  ice-advance  and  the  ice-re- 
i-ession  lakes.  The  primitive  lakes  of  the  ice-advance  were  the  lowest  in 
altitude  and  the  most  northerly  in  location  and  with  the  lowest  outlets. 
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As  the  ice  advanced  and  closed  the  outlets  the  waters  were  lifted  to 
higher  levels  and  pushed  southward.  The  last  lakes  of  the  ice-advauee 
being  in  the  heads  of  the  valleys  were  the  smallest,  the  highest,  the  most 
detached  and  most  southerly.  The  lakes  of  ice-front  recession  had  pre- 
cisely the  opposite  history. 

Erononal  work. — The  lake  features  tliat  are  preser\-ed  for  our  study 
may  be  discriminated  as  erosioual  and  constructional.  The  erosion  phe- 
nomena are  the  wave-cut  clilTs.  The  glacial  lakes  were  commonly  too 
ephemeral  or  too  unsteady  in  their  levels  to  produce  conspicuous  erosion 
features.  However,  the  larger  and  longer-lived  lakes,  as  Newberry,  War- 
ren, Dana,  and  specially  Iroquois,  have  left  many  cliffs. 

Construclional  work — Beach  ridges, — Embankments  of  sand  and 
gravel,  the  bars  and  spits  of  wave  and  shore  current  construction  are  the 
complement  of  the  erosion  work,  but  are  much  more  common  and  are 
frequently  very  prominent  features.  They  have  long  been  recognized  by 
the  people  as  the  work  of  mysterious  waters  at  high  altitudes.  For  long 
stretches  the  beach  ridges  have  been  utilized  for  "ridge  roads,"  while  the 
level  stretches  of  wave-biuie  along  the  beaches  have  afforded  graded  patlis 
for  railroads  and  canals.  The  strongest  ridges  are  those  of  Whittlesey 
and  Warren  in  the  Erie  Basin  and  of  Iroquois  in  the  Ontario  Basin. 

Deltas. — Of  the  several  shore  phenomena  deltas  are  the  most  useful  in 
proving  the  former  presence  and  determining  the  altitudes  of  the  extinct 
lakes.  The  production  and  size  of  the  delta  deposits  are  not  wholly  con- 
ditioned by  the  size  of  the  receiving  water  body,  but  by  the  volume  of  the 
stream  detritus  relative  to  the  distributing  work  of  the  receiving  waters. 
Hence  deltas  may  be  built  in  small  lakes,  and  these  hung-up  mounds  and 
terraces  of  gravel  on  the  vaMey  sides  serve  well  to  mark  the  shores  of 
lakes  that  were  too  ephemeral  or  too  small  to  produce  either  cliffs  or 
bars.  Naturally  the  deltas  occur  in  the  courses  of  land  streams,  and  a 
vertical  succession  of  bisected  delta  terraces  commonly  indicate  the  fall- 
ing levels  of  the  lake.  Fine  examples  of  these  gravel  terraces  are  found 
on  tlie  slopes  of  the  Finger  Lake  valleys,  and  some  of  them  are  con- 
spicuous features,  like  the  terraces  by  Coy  Glen,  visible  from  the  Cornell 
University  campus. 

Delta  plains. — Genetically  related  to  deltas  are  the  plains  of  gravel, 
sand,  or  clay,  which  may  be  extended  in  area  and  indefinite  in  limite. 
Siich  plains  usually  represent  wave-base,  perhajw  20  feet  or  less  beneath 
the  water  surface.  When  partially  eroded  the  remnants  present  extended 
horizontal  lines,  excellent  examples  of  which  may  be  seen  throughout  the 
Mohawk  Vallev  and  about  the  Trondequoit  Valley  east  of  Rocheater. 
clearly  visible  from  the  trains  on  the  New  York  Central  Railroad.    Some 
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of  the  larger  valleys  declining  toward  Lake  Erie  exhibit  broad  terraces 
at  various  levels,  A  fine  display  may  ba  seen  from  the  Pennsylvania 
Railroad  from  East  Aurora  up  to  Machias.  Evidently  such  lake  plains 
can  occur  only  north  of  the  divide.  Some  plains  similar  in  appearance 
in  the  valley  south  of  the  divide  fall  into  the  categories  of  outwash  plains 
or  of  river  floodplains. 

Scores  of  examples  of  detrital  plains  built  in  glacial  waters  by  the 
land  drainage  might  be  cited.  In  the  Erie  Banin  the  great  plain  in  the 
Cattaraugus  Valley  below  tiowanda  and  that  built  by  Silver  and  Walnut 
creeks  between  Forestville  and  Silver  Creek  villages  may  be  mentioned. 
A  very  fine  illustration  is  found  on  the  Rochester  sheet.  The  area  be- 
tween the  Genesee  River  and  Irondequoit  Bay  and  between  Lake  Ontario 
and  the  Iroquois  beach  ("Ridge  Road")  is  the  submerged  delta  plain  of 
the  Genesee  River  in  Lake  Iroquois,  now  much  dissected  by  present-day 
streams.  The  fiat  stretches  about  Irondequoit  Bay  bounded  by  the  400- 
foot  contour  are  remnants  of  the  silt  plain,  which  in  Iroquois  time  filled 
the  whole  breadth  of  the  valley. 

Sand  plains  built  by  the  ice-border  glacial  drainage  are  also  numerous. 
These  include,  for  example,  the  plains  on  the  west  side  of  the  Genesee 
Valley  opposite  Avon,  the  eroded  area  north  and  northwest  of  Geneva, 
the  mesa-like  plains  in  the  Onondaga  Valley  at  South  Onondaga  and 
northwest  by  Cedarvale,  and  the  plain  on  which  stands  the  business  part 
of  Syracuse. 

The  very  extensive  and  conspicuous  sand  plains  and  terraces  on  both 
sides  of  the  Champlain  and  Hudson  valleys,  including  the  great  delta 
plain  between  Schenectady  and  Albany  contributed  by  the  Iromohawk 
River,  were  built  in  sealevel  waters  that  occupied  this  depression  during 
the  time  of  the  ice  removal. 

Clay  plains. — Where  the  static  waters  were  wide  and  deep,  so  as  to 
permit  full  assorting  of  the  detritus,  more  or  less  clay  was  spread  over  the 
bottom  in  the  more  quiet  water.  The  best  example  is  found  in  the  Iro- 
quois Lake  Basin.  In  the  St.  Ijawrence  Valley  east  of  Cape  Vincent, 
Alexandria  Bay,  and  Ogdensburg  are  extensive  stretches  of  finely  lami- 
nated and  deep  clays,  the  glacial  origin  of  which  is  indicated  by  the 
abundance  of  lime  concretions.  The  heavy  clay  deposits  of  the  Hudson 
Valley  belong  in  this  class,  but  were  deposited  in  sealevel  waters. 

Morainal  lakeit. — This  class  includes  the  hundreds  of  lakes  and  lake- 
lets (so-called  ponds)  now  in  existence  that  are  scattered  over  the  State 
and  most  numerous  in  the  Adirondacks.  They  owe  their  existence  to  the 
blockade  of  valleys  or  drainage  courses  by  glacial  drift.  The  term 
drift-barrier  lakes  would  be  the  more  accurate  name.    Great  numbers  of 
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Buch  lakes  have  already  been  obliterated,  mostly  changed  into  swampa  by 
marl  and  peat  accumulation' or  by  detrital  filling,  and  the  esiating  lakes 
are  doomed  to  similar  ultimate  extinction  either  by  filling  or  draining. 

The  Finger  Lakes  probably  owe  their  origin  in  part,  at  least  in  tbeir 
upper  levels,  to  drift  barriers. 

Cataract  lakes. — ^The  most  singular  and  interesting  lakes  in  the  State 
lie  in  the  courses  of  ancient  ice-border  rivers.  These  occupy  the  plunge 
basins  of  Extinct  cataracts.  Xiagara  today  illustrates  the  method  in 
production  of  a  basin  or  bowl  by  the  excavating  work  of  a  large  cataract. 
If  Niagara  River  were  to  be  diverted  above  the  fall  so  as  to  extinguish 
the  cataract,  a  rock  basin  holding  a  lake  would  probalily  be  left  in  t)ie 
amphitheater  beneath  what  is  now  the  "Horseshoe"  Falls.  South  and 
east  of  Syracuse  the  predecessors  of  Niagara  River  plunged  over  clilTs  of 
the  Onondaga  limestone  in  their  eastward  flow  and  produced  several 
plunge  basins  that  hold  lakes,  two  of  which  outrival  Niagara. 

The  Jamesville  Lake,  4  miles  southeast  of  Syracuse,  is  a  circle  of 
emerald  green  water  about  one-eighth  mile  in  diameter  and  60  feet  deep, 
lying  in  a  half-circle  amphitheater  with  perpendicular  rock  walls  160 
feet  high.  Two  and  one-half  miles  east  of  Jamesville  Lake,  across  the 
Butternut  Valley,  is  Blue  Lake,  resting  in  a  cataract  basin  and  rock 
amphitheater,  equaling  the  Jamesville  in  dimensions,  but  not  so  sym- 
metrical. White  Lake,  one-half  mile  north  of  Blue  Lake,  and  Round 
and  Green  lakes,  9  miles  east  of  Syracuse,  have  basins  with  low  and 
sloping  walls  because  the  rocks  are  the  soft  Salina  shales. 

These  lakes  were  formerly  regarded  as  mysterious,  and  with  their  in- 
closing amphitheaters  were  the  cause  of  much  speculation.  Their  nature 
was  first  announced  by  G.  K.  Gilbert  and  the  first  geologic  description 
in  recognition  of  their  true  character  was  by  Quereau.'" 

These  cataract  lakes  are  very  remarkable  features,  and  representing  as 
they  do  an  ancient  drainage  of  the  Great  Lakes  area,  held  at  high  levels 
by  the  glacier  front,  they  have  a  scientific  and  educational  value  not  yet 
appreciated. 

Lakes  of  complex  origin. — This  title  is  intended  to  include  Lake  On- 
tario and  the  larger  Finger  lakes,  as  Cayuga  and  Seneca,  the  genesis  of 
which  is  not  entirely  clear.  The  bottoms  of  these  lakes  are  below  sea- 
level,  and  we  do  not  know  what  depth  of  drift  lies  yet  deeper  beneath  the 
water.    At  Watkins  a  well  boring  penetrated  1,200  feet  without  reaching 


••  E.   r.   Qupreau :  Toposrephy   aod    history   of   JampsTlllr   Ijikp.      BuU.    (Jeol.    Soc. 
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rock,  which  shows  drift  at  a  depth  600  feet  lower  than  the  deepest  part 
of  the  lake  and  750  feet  beneath  sealevel. 

It  seems  probahle  that  the  valleys  of  the  Finger  laketi  are  blocked  on 
the  north,  along  the  dnimlin  belt,  by  deep  drift  filling,  which  can  be  de- 
termined only  by  borings  at  close  intervals.  That  these  valleys  were 
gouged  out  by  ice  erosion,  even  by  any  number  of  continental  ice-sheets, 
seenu  to  the  writer  extremely  improbable.  If  they  were  80  deepened, 
then  the  basin  of  Lake  Ontario  was  probably  also  scooped  by  ice  erosion. 
But  if  the  Ontario  Basin  ia  a  depressed  river  valley,  then  the  valleys  of 
the  Finger  lakes  must  be  fairiy  graded  to  the  bottom  of  Ontario  and  be 
of  similar  origin.  If  the  Ontario  and  other  basins  were  excavated  by 
river  work  and  weathering,  then  it  must  he  admitted  that  there  have 
been  great  changes  in  the  height  and  attitude  of  the  land  in  late  geologic 
time;  but  such  changes  are  quite  certain.  It  appears  probable  that  the 
lal ley-cutting  occurred  during  a  time  of  land  elevation,  and  that  the 
Lsnrentian  and  the  Finger  L&ke  basins  are  the  complex  product  of 
laud  warping,  land  depression,  and  of  glacis  drift  filling.  Until  the 
later  Tertiary  and  Pleistocene  diastrophic  movements  of  the  area,  in- 
cluding New  York,  have  been  determined  and  the  drift-buried  valleys 
mapped  by  borings,  the  deep  lake  basins  may  remain  the  subject,  of  specu- 
lation and  dispute. 

Glacial  Lake  Sdccbssioh 

The  story  of  the  succession  of  the  glacial  waters  that  laved  the  reced- 
ing front  of  the  Laurentian  glacier  is  a  dramatic  episode  in  the  geologic 
history.  Beginning  in  small  pondings  of  water  in  the  heads  of  the  val- 
leys along  the  north  side  of  the  morainic  divide,  the  lakes  were  enlarged 
as  the  ice-barrier  receded,  and  were  captured,  drained,  blended,  or  other- 
wise affected  by  changes  in  outlets.  The  romantic  stoiy  can  not  be  satis- 
factorily told  in  words  alone,  but  requires  cartographic  representation, 
and  a  series  of  maps  have  been  constructed  to  show  the  better  known  and 
more  striking  changes  in  the  ice  recession  and  the  lake  succession. 

The  control  of  the  glacial  waters  depended  on  the  altitude  of  the  low- 
est passes  affording  immediate  outflow,  along  with  the  relation  of  these 
passes  to  some  ultimate  esca)>e.  The  waters  of  the  Laurentian  Basin 
oatflow  today  by  the  St.  Lawrence  (246  feet).  With  that  escape  blocked 
the  lowest  pass  is  at  Rome  (460  feet  for  the  water  surface)  to  the  Mo- 
hawk-Hudson, and  which  for  many  thousands  of  years  was  the  point  of 
escape  of  the  waters  while  the  ice-body  lay  over  the  St.  Lawrence  Valley. 
The  next  higher  pass  is  at  Chicago,  which  was  occupied  by  the  glacial 
oatflow  for  a  very  long  time,  but  to  reach  this  ultimate  escape  the  On- 
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tario-Erie-Huron  waters  were  compelled  to  ctosb  Michigan  by  the  valley 
of  Grand  River. 

The  lowest  pass  leading  southward  in  New  York  is  at  Horseheadti,  the 
head  of  the  Seneca  Valley,  leading  to  the  Chemung-Susquehanna,  with 
altitude  of  900  feet.  These  three  outlets — Horneheads,  Grand  Valley 
(Michigan)  and  Home — were  the  channels  of  ultimalo  escape  for  the 
waters  of  western  and  central  Sew  York  until  the  ice  was  removed  from 
over  Covey  Gulf,  north  of  the  Adirondacks.  In  immediate  control  of 
the  waters  of  central  New  York,  the  Seneca- Cayuga  depression  and  the 
Genesee  Basin,  there  were  two  localities,  the  salient  or  highland  on  the 
Batavia  meridian  and  the  highland  in  the  Hyracuse  District.  The  ear- 
liest glacial  waters  in  Kew  York  were  held  in  the  Genesee  Valley,  and 
this  continued  for  a  long  time  as  a  distinct  basin,  with  several  successive 
outlets. 

When  we  consider  the  glacial  lakes  and  drainage  in  chronologic  order 
we  find  that  the  earlier  waters  were  ranfined  in  two  separate  basins,  the 
Genesee  and  the  Seneca-Cayuga;  that  for  a  brief  time  Ijake  Newberry 
(the  Horseheads  outlet)  probably  ocfupied  the  Gcnet'Ce  Valley,  and  then 
for  a  long  time  the  control  was  alternately  west  on  the  Batavia  meridian 
or  east  on  the  Syracuse  District.  Then,  when  the  ice-front  weakened  on 
the  Batavia  salient,  the  westward  control  was  across  Michigan  (Ijakc 
Warren  level).  All  the  later  flow  subsequent  to  Lake  Warren  was  east- 
ward to  the  Hudson  until  the  northward  flow  through  Covey  Gulf  to  the 
Champlain  Valley  and  the  Hudson, 

The  most  extended  series  of.  glacial  lakes  was  in  the  Genesee  Valley, 
This  long  valley,  the  surviving  example  of  the  pre-Pleistocene  northward 
drainage,  heads  in  Pennsylvania,  at  the  terminal  moraine,  with  altitude 
on  the  cols  over  2,300  feet,  and  extends  across  the  State  to  near  Boches- 
ter,  where  it  blends  into  the  Ontario  lowland  at  about  600  feet  altitude. 
The  fall  of  1,600  feet  in  a  right-line  distance  of  80  miles  gave  oppor- 
tunity for  many  successively  lower  outlets  and  water  planes  as  the  ice 
released  passes  on  the  east  or  west  borders  of  the  basin.  Probably  the 
glacial'lake  history  of  the  Genesee  Valley  is  more  complicated  than  is 
now  known,  but  no  less  than  eighteen  distinct  outlets,  with  correlating 
lake  levels,  have  licen  rccogniwd.  Later  the  drainage  was  directly  into 
the  sea  (Gilbert  Gulf),  and  finally  into  T>ake  Ontario.  In  this  variwi 
outflow  the  Genesee  glacial  waters  were  contributed  to  several  far-sepa- 
rated river  systems.  Named  in  order  of  time,  these  are:  (1)  Pine  Creek- 
Susquehanna;  (8)  Allegany-Ohio-Mississippi;  (3)  Canisfeo-Chemung- 
Susquehanna;  (4)  Erie  Basin  (lakes  Whittlesey  or  Warren)-Michigan 
Basin  (Lake  Chicago) -Mississippi;  (5)  Seneca  Valley  (Tjake  Newberry)- 
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Susquehanna;  (6)  Mohawk-Hudson;  (7)  Champlain-Hudson ;  {8) 
ocean-level  waters  direct;  (9)  Lake  Oatario-St,  Lawrence.  Some  of 
these  systems  Fecei?ecl  the  Genesee  Valley  overflow  more  than  once,  or  by 
different  immediate  outflow,  making  the  twenty  stages  in  the  drainage 
history  as  now  understood.  It  would  seem  unlikely  that  any  other  valley 
in  the  world  can  approach  the  Genesee  in  the  complexity  of  its  drainage 
hiatory. 

The  series  of  sixteen  maps  depict  the  waning  Laurentian  ice-sheet 
with  the  glacial  and  marine  waters  that  lay  against  its  receding  border. 
The  local  lakes  in  the  side  valleys  of  the  Hudson  depression  and  about 
the  Adirondack  highland  are  not  indicated,  and  the  ice  border  is  more  or 
less  generalized.  The  latter  is  located  definitely  along  the  lines  of  the 
ice-border  drainage. 

The  chart  (page  158)  shows  the  time  relationship  of  the  waters  in  the 
several  basins  of  the  State.  The  vertical  spacing  is  only  suggestive  of 
the  succession  of  the  waters  and  their  geographic  relations  and  has  little 
significance  as  to  the  duration  of  the  episodes. 

Uabin£  Watbrs 

During  the  waning  of  the  latest  ice-sheet  the  Hudson-Champlain  Val- 
ley and  the  Bt.  Lawrence  and  Ontario  basins  were  beneath  the  level  of 
the  ocean.  As  the  ice-front  receded  northward  the  sealevel  waters  fol- 
lowed up  the  Hudson  Valley,  iinally  reselling  the  Champlain  Basin  and 
eventually  uniting  with  the  oceanic  waters  of  the  St.  Lawrence  Gulf. 
The  Hudson  Inlet  thus  became  the  Hudson-Champlain  Inlet,  and  finally 
the  Hndson-Champlain  Strait,  connecting  New  York  Bay  with  the  Cham- 
plain  Sea.  When  the  ice-front  backed  away  from  the  Covey  Hill  prom- 
ontory the  glacial  waters  of  the  Ontario  Basin,  the  Second  Iroquois,  fell 
to  and  became  confluent  with  the  sealevel  waters.  The  highest  plane  of 
the  sealevel  waters  in  the  Ontario  Basin  is  relatively  weak  and  has  not 
been  fully  determined,  but  an  inferior  level  of  long  persistence,  showing 
heavy  bar  construction,  has  been  mapped  and  named  Gilbert  Gulf.  This 
stage,  which  includes  the  series  of  strong  bars  at  Covey  Hill  post-oiRce, 
is  depicted  in  map  number  IS. 

On  the  parallel  of  New  York  city  it  appears  that  the  land  at  the  time 
of  the  ice  recession  was  at,  or  perhaps  somewhat  above,  sealevel.  North- 
ward the  land  was  increasingly  below  sealevel.  The  upraised  and  tilted 
water  plane,  which  indicates  the  amount  of  Pleistocene  submergence  or 
of  post-Pleistocene  uplift,  rises  steadily  from  zero  or  present  sealevel  in 
the  district  of  New  York  city  to  over  700  feet  on  the  Canadian  boundary. 
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marikg  waters  l5d 

The  supposed  absence  of  marine  fossils  in  the  Hudson  Valley  is  doubt- 
less due  to  the  freshening  of  the  watere  by  the  copious  glacial  and  land 
drainage.  Until  the  episode  of  the  Second  Iroquois  the  flood  of  glacial 
waters  of  the  St.  Lawrence  Basin  was  poured  into  the  Hudson  Inlet  at 
Schenectady.  During  the  Second  Iroquois  the  glacial  flood  was  merely 
shifted  to  the  north,  and  during  all  the  long  life  of  the  Hudson-Cham- 
plain  Inlet  all  the  fresh  waters  were  forced  south.  However,  marine 
fossils  are  abundant  In  the  Ohamplain  Valley  and  are  found  at  altitudes 
the  planes  of  which  carry  over  the  Fort  Edward  Divide  into  the  Hudson 
portion  of  the  great  valley. 

The  detrital  deposits  formed  in  the  marine  waters  are  large  in  volume 
and  area.  Up  the  Hudson  as  far  as  Catskill  the  terraces  of  clay  and  sand 
are  very  conspicuous  and  afford  the  materials  for  brick  manufacture  on 
an  immense  scale.  Korth  of  Catskill,  in  the  widening  valley,  the  summit 
Band  plains  lie  back  from  the  river,  though  lower  terraces  may  yet  be 
*een.  While  much  of  the  deeper  deposits  and  those  in  the  middle  of  the 
valley  or  beneath  the  present  waters  are  of  glacial  origin,  the  heavy  visible 
deposits  are  chiefly  the  deltas  of  tributary  land  streams,  the  greatest 
being  that  of  the  Iromohawk  at  Schenectady-Albany. 

From  Troy  to  Olens  Falls  -the  borders  of  the  lower  valley  are  buried  in 
a  deluge  of  sand,  sloping  down  in  terraces  toward  the  axis  of  the  valley. 
Saratoga  lies  in  the  midst  of  a  vast  area  of  detrital  marine  accumulations. 
The  slow  lifting  of  the  valley  out  of  the  waters  gave  the  latter  an  excel- 
lent chance  to  produce  level  stretches  and  conspicuous  terraces,  the  latter 
being  more  prominent  as  the  steeper  slopes  approach  the  middle  of  the 
valley.  The  Champlain  portion  of  the  great  valley  also  holds  vast  sand 
plains,  especially  on  the  larger  rivers,  as  the  Ausable,  Saranac,  and  Big 
Chazy. 

Epeiroosnio  Movement:  Diabtsophisu 

The  great  changes  in  altitude  of  the  surface  of  the  State,  both  before 
and  since  the  glacial  occupation,  has  already  been  noted.  The  relation 
of  the  land  movement  to  the  burden  of  the  ice-cap  should  be  briefly  dis- 
cussed. If  the  earth's  crust  is  sensitive  to  long-continued  pressures,  then 
the  thickness  and  weight  of  the  ice-body  become  an  important  matter. 

Again,  our  lack  of  knowledge  of  the  duration  and  diastrophic  effects 
of  the  pre- Wisconsin  ice-caps  limits  our  -discussion  to  the  effects  of  the 
r>Burentian  ice-body. 

At  its  maximum  the  thickness  of  the  ice-cap  over  the  Adirondacks  and 
the  Champlain  Valley  was  probably  not  less  than  10,000  feet.  This  is 
equal  in  weight  to  over  3,000  feet  of  rock.     Southward  the  ice  decreased 
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in  thickness  and  weight  to  zero  in  the  r^on  of  New  York  Bay.  The 
amount  of  postglacial  uplift  increases  from  zero  in  the  district  of  New 
York  Bay  to  over  700  feet  on  the  north  boundary  of  the  State.  The  cor- 
respondence between  the  thickness  of  the  ice-cap  and  the  amount  of  post- 
glacial uplift  of  the  land  ib  very  striking  and  significant.  All  about  the 
Laurentian  Basin  the  tilted  shores  of  the  extinct  glacial  lakes  afFord  us 
evidence  of  the  differential  uplift  of  the  glaciated  territory. 

The  average  northward  uplift  or  tilt  of  the  marine  plane  in  the  Hud- 
son and  Champlain  Yalley  appears  to  be  about  two  and  one-fourth  feet 
per  mile,  but  some  higher  and  as  yet  uncorrelated  shore  features  in  the 
Champlain  Valley  suggest  a  deeper  submergence  there  and  a  larger  rate 
of  uplift.  It  seems  quite  certain  that  the  increase  of  the  gradient  north- 
ward that  is  apparent  west  of  the  Adirondacks  must  also  occur  on  the 
eaat  of  that  mountain  mass.  The  differential  uplift  between  the  Iroquois 
plane  at  Rome  (460  feet)  and  at  Covey  Qulf,  on  the  Canadian  boundary 
(1,025  ?feet),  is  about  665  in  a  distance  of  119  miles  in  a  direction  33 
degrees  east  of  nortli,  giving  a  slant  of  3.8  feet  per  mile.  The  grade 
from  Richland  to  East  Watertown  is  toward  6  feet  per  mile. 

In  east  and  west  direction  there  is  small  deformation.  The  Iroquois 
plane  at  Hamilton,  Ontario,  is  given  as  363  feet.  At  Rome  it  is  460  feet, 
which  makes  an  eastward  uplift  of  100  feet  in  225  miles,  0.4  feet  per 
mile. 

The  steadiness  or  uniformity  of  the  tilted  marine  plane  in  the  Hudson 
and  southern  part  of  the  Champlain  valleys  is  somewhat  surprising.  It 
does  not  seem  probable  that  all  land  uplifting  was  deferred  until  the  ice 
was  removed  from  a  stretch  of  200  miles,  and  that  the  rise  and  tilting 
was  that  of  a  rigid  mass.  It  would  seem  more  likely  that  as  the  weight 
of  the  ice-sheet  was  slowly  removed  it  was  followed  by  a  progressive  wave 
of  land  uplift.  However,  the  final  result  of  an  epeirogenic  wavelike 
uplift  might  be  a  fairly  uniform  plane,  simulating  that  produced  by  tilt- 
ing of  a  rigid  surface. 

Postglacial  Ehosion 

Land  erosion  since  the  ice-sheet  disappeared  is  exhibited  in  «ave-K;ut> 
ting  by  the  lakes  and  canyon-cutting  by  diverted  streams.  In  postglacial 
ravines  New  York  State  excels.  We  may  recall  Niagara,  the  three  rarines 
in  the  course  of  the  Genesee, -the  Ausable  chasm,  &nd  Watkins  Glen; 
but  there  are  gieat  numbers  of  glens  or  ateep-walled  rock  gorges  through- 
out the  State  which  are  quite  as  interesting  and  instructive  as  these,  even 
if  smaller  and  unadvertised. 

When  applied  to  the  effects  of  erosion  in  New  York,  the  term  "poat- 
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glacial"  needs  explanation,  for  much  canyon-cutting  was  effected  while 
the  ice-sheet  still  lingered  on  territory  of  the  State.  For  example,  the 
Portage  ravine  of  the  Genesee  b^an  cutting  while  the  ice-fiont  was  not 
far  away  on  the  north.  The  Mount  Morris  ravine,  the  "High  Banka," 
vas  in  the  making  while  the  ice  covered  Kochester,  and  the  upper  (south) 
eectioD  of  the  Kochester  Canyon  was  largely  cut  while  Lake  Iroquoia 
waters  prevented  the  excavation  of  the  lower  part  of  the  gorge.  Cer- 
tainly a  large  part  of  the  erosional  work  in  central  and  western  New 
York  and  the  Hudson  Valley  occurred  while  the  glacier  still  covered  the 
northern  lowlanda  of  the  State,  including  the  Champlain  Valley. 

Glacial  Time 

The  first  question  commonly  asked  by  the  non-geologist  is,  "How  long 
ago  ?"  We  have  to  admit  ignorance  of  .any  precise  measure  of  geologic 
time.  Geologists  have  learned  to  think  in  millions  of  years,  and  they 
are  not  greatly  concerned  with  the  precise  duration  of  so  short  a  period 
u  the  glacial  or  postglacial  episode.  However,  precise  knowledge  is  de- 
sirable and  a  yardstick  of  geologic  time  must  be  sought.  All  attempts 
to  lue  the  present  rate  of  canyon-cutting  or  cataract  receeeion  as  an  index 
of  time  have  faUed,  and  no  data  yet  discovered  have  much  value. 

The  history  of  the  ice-front  recession,  with  its  long  succession  of  lakes 
and  well  developed  river  channels,  compels  the  extension  of  our  estimates 
of  the  length  of  glacial  time,  and  all  studies  in  glacial  geology  have  the 
same  taanlt. 

If  we  take  10,000  years  as  a  moderate  estimate  of  the  life  of  Lake 
Ontaho,  then  we  most  add  an  equal,  and  perhaps  much  greater,  time  for 
the  lifting  of  the  basin  out  of  the  marine  waters.  Then  we  must  allow 
at  least  another  10,000  years  for  the  duration  of  Lake  Iroquois,  and  the 
30,000  yews  carries  us  back  only  to  the  time  when  the  ice-sheet  waa  re- 
moved from  the  weetem  part  of  the  State.  This  appears  to  be  but  a 
minor  portion  of  the  time  covered  by  the  waning  of  the  glacier,  judging 
from  thd  m^  said  the  known  history  preceding  the  initiation  of  Lake 
Iroqnoie. 

If  we  assume  75,000  years  as  the  time  in  the  waning  of  the  ice-sheet, 
then  we  seem  con^wlled  to  add  an  equal  time  for  the  invasion  of  the  ice, 
with  aome  time  in  addition  for  the  pause  at  the  terminal  moraine.  Most 
glaci&listfi  will  probably  agree  that  150,000  years  for  the  length  of  the 
latest  or  Wiscon»B  ioe  epeob  is  a  fair  estimate,  and  hack  of  this  we  hare 
tb«  earlier  and  much  longer  Glacial  and  inter-Qlacisl  epoctu.  The  «ti- 
motes  of  tiiose  best  qualified  to  judge  of  the  length  of  Pleistocene  time 
are  from  600,000  to  1,600,900  yean. 

XI— BctiL.  OkOL.  Boc.  Ah.,  Vol.  24,  1913 
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.    WOKK  OF  THE    StATE   SuRTEY 

The  Pleistocene  phenomena  of  the  State  have  been  the  subject  of  casual 
observation  and  publication  for  over  hdlf  a  century  and  a  bibliography 
would  be  too  large  to  present  here;  but  the  Glacial  and  Pleistocene 
is  the  youngest  member  of  the  geologic  brauehes  of  study,  and  only  in 
recent  years  has  the  New  York  State  Museum  financed  the  glacial  study 
as  a  distinct  line  of  field  work  and  publication.  This  assistance,  how- 
ever, has  been  generous  and  effective,  as  the  numerous  papers  and  hand- 
some maps  published  since  1900,  and  specially  since  1905,  will  bear  wit- 
ness. The  only  elaborate  and  espeusive  maps  and  text  published  under 
other  auspices  than  the  State  Museum  is  the  U.  S.  Geological  Surrey 
Folio  169,  already  cited  above.  A  description  of  the  Moravia  quadrangle 
by  Carney  was  published  in  1909  by  Deniaon  University,  with  a  sketch 
map  in  black  and  white. 

The  more  important  Pleistocene  publications  of  the  State  Museum  are 
Bulletins  48,  83,  84,  by  Woodworth;  154,  by  StoUer,  and  106,  111,  lit, 
145  (in  part),  and  160,  by  Fairchild.  Sarlier  papers  by  the  writer  are 
contained  in  the  Twentieth  Annual  Report  of  the  State  Geologist,  1902; 
Twenty-first  Report,  1903,  and  tlie  Twenty-second  Report,  1904.  Previ- 
ous papers  by  the  writer  on  the  Pleistocene  features  of  the  State  were 
published  in  the  Bulletin  of  this  Society,  beginning  in  1895,  and  in  other 
scientific  journals. 

For  effective  future  work  it  is  desirable  that  some  scheme  or  far- 
sighted  plan  should  bring  all  the  glacial  studies  of  the  State  into  har- 
monious cooperation  for  the  large  result,  and  also  that  a  cartographic 
scheme  should  be  adopted  that  will  secure  maps  as  uniform  in  conven- 
tion and  color  as  possible. 

Two  important  subjects  requiring  systematic  study  are  the  moraines 
and  the  drift-buried  valleys.  The  State  should  undertake  the  mapping 
of  the  buried  valleys.  It  should  employ  a  well-boring  outfit  to  seonm 
data  for  accurate  profiles  of  the  hard-rock  surfaces  beneath  the  drift 
north  of  the  Finger  lakes  and  wherever  the  pr^lacial  valleys  of  scien- 
tific interest  are  obscured.  This  would  be  a  unique  and  popular  work  for 
the  State  Museum.  The  expense  of  such  exploration  would  not  be  large, 
while  the  scientific  and  educational  value  would  be  great. 

Another  duty  of  the  State  is  the  preservation  intact  of  the  Jamesvilfe 
and  Blue  Lakes  cataract  features.  These  splendid  evidences  of  an  an*- 
cient  glacial  drainage  antedating  Niagara  and  corresponding  in  func- 
tion should  be  made  State  property  and  preserved  for  the  people.  They 
are  scenic  features  of  as  much  beauty,  and  of  much  more  educational 
value  than  Watkina  Glen  and  some  other  State  parks.  '     '      ' 
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Introduction 

The  great  inconeiatency  in  the  use  of  terms  relating  to  faults,  and 
especially  the  lack  of  uniformity  when  dealing  with  faults  in  which  there 
is  a  component  of  displacement  parallel  with  the  fault  strike,*  led  to  the 
appointment  by  the  Council  of  the  Geological  Society  of  America  at  the 
Baltimore  meeting,  December,  1908,  of  a  Committee  on  the  Nomenclature 

>  Hkoiwcrlpt  received  bf  the  Becretatr  of  tbe  Socletr  March  EO,  1913. 
■Tbli  tru  dorlT  Bbown  br  Hr.  Rauiome  and  br  the  dUcunloD  which  tollowed  bli 
paper,  "BcoDomlc  Geologr."  vol.  t,  IBOfl,  ki,  777-789;  toI.  U,  1907,  paetfm. 
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of  Faults.  This  Committee  was  charged  with  recommeDding  a  proper 
nomenclature.  A  preliminary  report  was  made  at  the  Washin^n  meet- 
ing, December  30,  1911,  and  vas  printed  as  a  apeciaJ  brochure  by  order 
of  the  Council,  under  the  title  "Proposed  Nomenclature  of  Faults." 
Copies  were  sent  to  all  Fellows  of  the  Society  and  a  few  other  geologists 
with  the  request  that  it  be  freely  criticised.  The  Committee  received  a 
number  of  letters  containing  apt  criticisms  and  making  useful  sugges- 
tions. As  a  result  of  these  letters  and  the  discussion  at  the  N'ew  Haven 
meeting,  December  28, 1912,  some  important  changes  have  been  made  in 
the  preliminary  report.  The  Society  ordered  that  the  revised  report  be 
published  in  the  Bulletin,  in  order  that  Fellows  might  give  the  nomen- 
clature a  working  test  before  any  official  action  should  be  taken  by  the 
Society, 

In  carrying  out  its  instructions  the  Committee  has  been  guided  by  the 
following  principles : 

1.  To  introduce  as  few  technical  words  as  possible;  it  is  unnecessary  to 
have  a  technical  word  to  denote  the  component  of  the  displacement  in 
every  direction  in  which  it  may  be  measured. 

2.  To  use  words  which  suggest  the  technical  meanings  to  be  attached 
to  them. 

3.  To  make  no  changes  in  words  which  have  a  recognized  meaning, 
and  to  follow  the  best  usage  where  a  word  is  used  in  different  senses.  We 
are  not  dealing  with  a  new  subject,  but  are  attempting  to  standardize  the 
words  now  in  use  and  to  adapt  them  to  a  broader  conception  of  fault 
movements.  We  believe  that  no  system  of  nomenclature  will  be  accepted 
which  breaks  with  the  best  present  usage.  This  makes  it  impossible  to 
adopt  a  system  which  is  perfectly  logical. 

4.  To  make  the  classification  geometric  and  descriptive,  not  genetic,  in 
order  that  a  fault  may  be  described  so  far  as  it  may  have  been  observed 
without  any  inferences  as  to  the  forces  which  produced  it.  For  instance, 
a  so-called  "thrust  fault"  may  sometimes  be  formed  without  any  com- 
pression, and  a  "tension  fault"  without  any  tension ;  the  terms  "thrust" 
and  "gravity"  faults  have  been  frequently  used.  All  these  terms  are 
dynamic  and  not  geometric ;  they  should  only  be  used  after  the  forces 
which  produced  the  fault  are  understood. 

The  discussion  of  the  nomenclature  of  faults  in  Economic  Geology, 
which  bore  especially  on  the  nomenclature  of  fault  movements,  showed  a 
wide  divergence  of  view,  some  writers  desiring  to  use  descriptive  terma 
only,  and  some  insiBting  that  no  proper  classification  could  be  made  with- 
out considering  the  forces  producing  the  faults.  The  Committee  takes 
the  former  view,  thinking  it  important  to  be  able  to  describe  as  much  u 
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may  have  been  learned  about  a  fanit  in  eimple,  definite  language  before 
the  whole  movement  and  the  force  vbich  has  caused  it  are  known;  in 
many  cases  these  will  never  be  known.  A  dynamic  system  of  classification 
and  nomenclatuTe  will  be  in  order  when  the  dynamics  of  faults  is  better 
Doderetood. 

SpurH  and  Totman*  have  proposed  systems  of  nomenclature  for  fault 
movements  which  are  feasible;  the  tatter's  system  is  especially  logical  and 
'fall.  The  objections  to  both  are  that  they  break  with  the  beet  usage,  and 
that  the  terms  do  not  suggest  the  component  of  the  displacement  denoted 
by  them.  These  are  serious  objections.  A  strong  effort  has  been  made  to 
render  the  system  here  proposed  not  open  to  these  objections. 

De  Margerie  and  Heim'  have  collected  the  terms  used  to  describe  faults 
ap  to  1868.  But  little  is  said  of  strike-slip  faulta  and  they  do  not  suggest 
a  consistent  nomenclature,  but  merely  collate  the  terms  used. 

Geological  text-books  give  but  few  terms  descriptive  of  fault  move- 
ments.   Those  of  Scott,*  A.  Oeikie,'  and  J.  Geikie*  are  the  fullest. 

Our  present  nomenclature  has  developed  largely  in  relation  to  move- 
ments up  or  down  the  fault  plane.  It  becomes  inadequate  when  move~ 
luents  occur  parallel  with  the  fault  strike,  movements  now  recognized  as 
very  general.  It  is  important,  therefore,  to  extend  the  meaning  of  the  old 
terms  and  to  introduce  some  new  ones,  but  in  a  way  not  to  disturb  the 
older  usage  nor  to  introduce  any  confusion  by  the  new  applications. 

In  what  follows  many  definitions  are  given  for  the  sake  of  continuity 
which  might  otherwise  be  omitted. 

Gensbjll  TsBHa 

A  fault,  in  its  simplest  form,  is  a  fracture  in  the  rock  of  the  earth's 
crust,  accompanied  by  a  displacement  of  one  side  with  respect  to  the 
other  in  a  direction  parallel  with  the  fracture.  The  fracture  is  usually 
not  an  open  crack,  and  an  open  crack  would  not  be  a  fault  unless  one  of 
the  sides  had  moved  parallel  with  the  crack  relatively  to  the  other.  A 
monoclinal  displacement,  however  steep,  is  not  a  fault;  but  it  might, 
by  tearing,  pass  into  a  fault.  Faults  rarely  consist  of  a  single  clean-cut 
fracture;  the;  are  usually  made  up  of  a  number  of  fractures,  as  noted 
below. 


■  Oealogr  applied  to  mlnlDK.    New  Totk,  IB04. 

*  BcohoidIc  0eolog7,  toI.  II,  pp.  G06-D11.     Qrapblcal  lolnttan  of  faalt  prablenu.     Ban 
ranclaco  and  LondoB,  1611. 

•  Lea  DiiloeatlDiij  de  I'fieorce  terreitre.    Zarleb.  188S. 
*Aa  lotiodnctlon'ta  OtoiotT,  2d  ed.,  190T. 

'  Text-book  of  OsolaB7.  *ax  ML,  1903. 

■BtrnetDnl  and  Field  Qeologf,  leos. 
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Ab  we  pass  from  one  part  of  a  faalt  to  another,  we  find  that  certain 
characteristics  vary.  For  instance,  the  two  walls  of  the  fault  may  be,  in 
some  places,  in  contact;  in  others  separated;  one  wall  may  be  elevated 
relatively  to  the  other  in  one  part  of  the  fault's  course  and  depressed  in 
another  part,  etcetera.  Definitions  descriptive  of  characteristics  which 
vary  locally  must,  therefore,  be  considered  as  referring  to  the  parts  of  the 
fault  to  which  they  are  applied  and  not  necessarily  to  the  fault  as  a  whole. 
A  closed  fault  is  one  in  which  the  two  walls  of  a  fault  are  in  contact. 
An  open  fault  is  one  in  which  the  two  walls  of  a  fault  are  separated. 
The  same  fault  may  be  closed  in  one  part,  open  in  another. 

The  fault  space  is  the  space  between  the  walla  of  an  open  fault. 
.4  fault  surface  is  the  surface  of  fracture ;  it  ie  rarely  plane,  bat  where 
it  is  without  notable  curvature  over  any  area  it  may  be  called  a  fault 
plane  for  that  area.    The  word  "surface"  should  not  be  restricted  to  its 
accurate  mathematical  meaning.     The  shear  zone,  if  sufficiently  thin, 
would  in  general  be  referred  to  as  the  fault  sur- 
face; but  if  it  is  wide  and  has  definite  bound- 
aries, these  may  constitute  two  fault  surfaces. 

A  fault  line  is  the  intersection  of  a  fault  sur- 
face with  the  earth's  surface.     The  same  word 
might  also  be  used  to  denote  the  intersection  of 
,  the  fault  surface  with  any  artificial  surface  of 

reference,  such  as  the  floor  of  a  tunnel,  mine 
level,  etcetera. 
floure  i.—A  Hone.  -phe  shear  zone:  Where  a  fault  is  made  up  of 

slips  on  closely  spaced  surfaces,  with  more  or  less  deformation  of  the 
intervening  rock,  the  portion  of  the  earth's  crust  containing  these  minor 
faults  is  called  the  shear  zone.  This  name  would  also  apply  to  the  brec- 
ciated  zone  which  characterizes  some  faults. 

Multiple  fault:  This  term  may  be  used  to  designate  a  group  of  parallel 
faults  fairly  near  together,  the  intervening  rock  not  being  distorted.  The 
term  shear  zone  would  hardly  be  applicable  to  this  ease. 

An  auxiliary  fault  is  a  minor  fault  ending  against  the  main  fault.  It 
is  often  the  boundary  of  a  dropped  wedge. 

The  outcrop  of  the  fault  is  the  area  along  which  the  shear  zone  comes 
to  the  earth's  surface.  In  the  case  of  a  sharply  defined  fault  the  outcrop 
and  tlie  fault  line  become  synonymous. 

The  fault  breccia  is  the  breccia  which  is  frequently  found  in  the  shear 
zone,  more  especially  in  the  case  of  thrust  faults. 

Goiifie  is  the  pulverized  rock,  generally  claylike  when  moist,  which  is 
often  found  between  the  walls  of  a  fault. 
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A  korse  is  a  mass  of  rock  broken  from  one  wall  and  caught  between 
the  walla  of  the  fault.     (See  figure  1.) 

The  fault  strike  is  the  direction  of  the  intersection  of  the  fault  sur- 
face, or  the  shear  zone,  with  a  horizontal  plane. 

The  favit  dip  is  the  inclination  of  the  fault  surface,  or  shear  zone, 
measured  downward  from  a  horizontal  plane.  It  is  never  greater  than 
90  degrees. 

The  hade  is  the  inclination  of  the  fault  surface,  or  shear  zone,  meas- 
ured from  the  vertical ;  it  is  the  complement  of  the  dip.  A  fault  is  said 
to  hade  to  the  side  toward  which  it  dips. 

The  hanging  wall  is  the  upper  wall  of  the  fault. 

The  foot  wall  is  the  lower  wall  of  the  fault. 

Oenekal  Classes  of  local  Movements  on  Faults 

Uovements  on  faults  may  be  classified,  according  to  the  character  of 
the  local  displacement,  into  translatory  and  rotatory  movements. 

Translatory  movements  are  those  in  which  all  straight  lines  on  oppo-   I 
site  sides  of  the  fault,  and  outside  the  dislocated  zone,  which  were  paral- 
lel before  the  displacement,  are  parallel  afterward.     If  at  a  later  date,  or     / 
even  at  the  time  of  the  displacement,  the  whole  region  were  tilfed,  the 
movement  would  still  be  considered  a  translatory  movement,  im  far  as 
the  fault  is  concerned. 

Rotaiory  movemenls  are  those  in  which  some  straight  lines  on  oppo-   ' 
site  sides  of  the  fault  and  outside  the  dislocated  zone,  parallel  before  the  . 
displacenients,  are  no  longer  parallel  afterward — that  is,  where  one  side 
of  the  part  of  the  fault  under  consideration  has  suffered  a  rotation  rela- 
tive to  the  other  side. 

No  faults  of  any  magnitude  exhibit  merely  translatory  movements 
over  their  whole  lengths.  Faults  die  out  and  the  displacement  is  not 
uniform  along  them,  so  that  there  ig  necessarily  some  slight  rotation. 
varying  in  amount  in  different  paries  of  the  fault's  course.  Probably  tJie 
greatest  number  of  faults,  certainly  all  large  faults,  are  of  this  character. 
The  variations  in  rotation  and  translation  are  permitted  by  slight  plastic 
deformations.  If,  however,  we  confine  our  attention  to  a  small  pari  of 
the  fault,  we  may  describe  the  displacement  there  as  though  the  nick  were 
rigid;  and  if  the  rotation  is  very  small,  as  if  a  translator^'  displacement 
had  occurred,  and  for  conciseness  we  may  nse  the  terms  Iranslatori/ 
fault,  or  rotatory  fault,  to  describe  the  part  under  consideration.  It 
sometimes  happens  that  the  strikes  on  opposite  sides  of  a  fault  are  differ- 
ent ;  this  suggests  a  rotation,  but  it  may  be  due  to  a  local  variation  of 
strike  or  to  an  uncoDformity. 
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Our  determinations  are  almost  alwaya  relative,  and  hence  we  caji 
rarely  tell  which  side  of  the  fault  has  moved;  therefore  the  expressions 
"upthrow"  and  "downthrow,"  which  are  used  according  to  the  side  from 
which  the  fault  is  viewed,  are  objectionable,  as  they  suggest  that  a  par- 
ticular side  of  the  fault  has  actually  been  moved.  They  are  in  too  gen- 
eral use  to  be  abandoned,  but  it  should  be  definitely  understood  that  they 
refer  merely  to  a  relative  and  not  to  an  absolute  displacement. 

It  is  desirable  to  emphasize  the  fact  that  the  definitions  which  follnw 
refer,  with  a  few  exceptions,  to  the  part  of  the  fault  under  consideration 
and  not  necessarily  to  other  parts  nor  to  the  fault  as  a  whole. 

We  give  the  word  "displacement"  no  technical  meaning,  but  reserve  it 
for  general  use ;  it  may  be  applied  to  a  relative  movement  of  the  two 
sides  of  tlie  fault,  measured  in  any  direction,  when  that  direction  is  speci- 
fied, or  to  the  change  in  position  of  a  bed,  etcetera,  caused  by  the  fault 
movement.  The  word  "dislocation"  will  also  be  most  useful  in  a  general 
sense. 

Tbanslatory  Moteuents 

OBKBSAL  DIBCVeaiOX  OF  TERUB 

There  are  two  ways  of  defining  the  displacement  due  to  a  fault ;  wc 
may  define  the  apparent  relative  displacement  of  a  bed  by  naming  the 
distance  between  its  two  disrupted  branches  measured  in  any  chosen  direc- 
tion, snch  aa  the  vertical  distance  between  the  branches,  measured  in  a 
shaft,  or  the  perpendicular  distance  between  the  lines  of  intersection  of 
J^e  two  branches  with  the  fault  plane ;  or  we  may  define  the  actual  rela- 
tive displacement  of  the  two  sides  and  its  components,  in  important 
directions.  The  apparent  displacements  are  those  usually  measured  di- 
rectly; the  actual  displacement  must  be  worked  out  for  a  complete  under- 
standing of  the  fault. 

It  is  necessary  to  have  different  words  to  indicate  displacements  meas- 
ured in  these  two  ways.  For  this  purpose  we  have  adopted  the  following 
technical  words,  qualifying  words  being  added  to  indicate  the  component 
of  the  displacement  referred  to  :* 

f^Hp,  which  indicates  the  relative  (lisplaeement  of  formerly  adjacent 
points  on  opposite  sides  of  the  fault,  measured  in  the  fault  surface.  The 
qualifying  words  relate  to  the  strike  and  dip  nf  the  fault  surface. 

Shift,  which  indicates  the  relative  displacement  of  regiowi  on  opposite 
sides  of  the  fault  and  outside  the  disJorated  zone.  The  qualifying  words 
relate  to  the  strike  and  dip  of  the  fault  surface,  with  the  exception  of  the 

•  Tbe  ciBct  deHDltlona  o(  tbew  words  will  bt  slven  furtber  on. 
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vertical  shift,  and  this  expression  is  self-explanatory.  When  the  fault  is 
a  fairly  clean-cut  fracture  and  there  is  no  bending  of  the  strata,  the  elip 
and  shift  are  identical. 

Separation,  which  indicates  the  distance  between  the  surfaces  of  the 
two  parts  of  a  disrupted  bed,  vein,  or  of  any  recognizable  surface,  meas- 
ured in  any  indicated  direction.  The  separations  will  usually  be  meas- 
ured, the  slip  and  shift  calculated. 

Throw  and  heave,  which  refer  to  the  displacement  of  the  edge  of  a 
disrupted  bed* 

By  keeping  in  mind  the  general  meaning  of  these  words,  all  confusion 
in  the  usee  of  the  proposed  nomenclature  can  be  avoided. 

There  u  no  generally  accepted  word  in  present  use  to  denote  the  slip. 
Willis  and  Tolman  use  "displacement ;"  Spurr  uses  "throw."  We  have 
reserved  displacement  for  general  use,  and  the  word  "throw"  is  at  present 
used  in  qnite  a  different  sense.  Becker  used  "slip  measured  on  the  dip  at 
the  fissure."  "  The  generalization  of  this  word  to  comprehend  any  move- 
ment in  the  fault  surface  is  natural,  and  the  word  suggests  its  own  mean- 
ing. The  word  "shift"  also  suggests  the  meaning  attached  to  it;  there  is 
no  dietlnctiTe  word  now  in  use  to  describe  the  shift. 

In  mines,  where  the  fault  surface  itself  is  visible,  the  slip  will  generally  ' 
be  determined ;  it  is  of  paramount  importance  in  mining.  In  field  sur- 
veys, where  the  fault  is  studied  by  the  dislocation  of  the  outcrop  of  strata, 
or  dikes,  often  at  a  considerable  distance  from  the  fault,  the  shift  is  de- 
termined. The  shift  is  of  greater  importance  in  the  larger  problems  of 
geology  than  the  slip.  The  distinction  between  the  slip  and  the  shift  is 
important ;  it  has  not  heretofore  been  recognized  in  the  nomenclature  of  , 
fanlts. 

The  separations  are  very  useful  terms.  The  perpendicular  or  strati- 
graphic  separation  is  of  the  greatest  importance.  It  is  frequently  the 
only  important  displacement  determined,  and  in  strike  faults  all  the  dia- 
placeinenta  in  a  vertical  plane  at  right  angles  to  the  fault  strike — that  is. 
all  the  displacements  which  have  heretofore  been  given  the  most  atten- 
tion— can  be  expressed  in  terms  of  it.  The  offset  is  often  the  most  im- 
|*ortant  surface  measurement  made. 

FAULTS  IX  BTRATiriED  ROCKB 

Among  stratified  rocks  the  character  of  the  displacement  of  the  strata 
due  to  a  fault  is  so  much  influenced  by  the  relation  of  the  strike  of  the 
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fault  to  the  strike  of  the  etratB  that  special  subclasses  are  geneTally 


A  strike  fault  is  one  whose  strike  is  parallel  to  the  strike  of  the  strata. 

A  bedding  fauit  is  a  special  form  of  strike  fault  whose  surface  is  paral- 
lel with  the  bedding  of  the  stratified  rocks. 

A  dip  fault  is  one  whose  strike  is  approiiimatoly  at  right  anglc!!  to  tlie 
strike  of  the  strata. 

An  oblique  fault  is  one  whose  strike  is  obliqae  to  the  strike  of  the 
strata. 

These  terms  are,  of  course,  not  directly  applicable  in  regions  of  un- 
stratified  rocks ;  but  they  might  be  used  in  such  regions  with  respect  f u 
the  strike  of  a  system  of  parallel  dikes  if  this  were  distinctly  stated  in  the 
description  of  the  faults. 

Similarly  with  regard  to  the  general  structure  of  the  region; 

A  longitudinal  fault  la  one  whose  strike  ia  parallel  with  the  g^ieral 
structure. 

A  transverse  fault  is  one  whose  strike  is  transverse  to  the  general  struc- 
ture," 

BLIP 

The  word  "slip"  indicates  the  displacement  as  measured  on  the  fault 
surface;  the  qualifying  words  refer  to  the  strike  and  dip  of  the  fault. 

The  slip,  or  net  slip,  is  the  distance,  measured  on  the  fault  surface, 
between  two  formerly  adjacent  points  situated,  respectively,  on  opposite 
walls  of  the  fault.  It  would  be  represented  by  a  straight  line  in  the  fault 
surface  connecting  these  two  points  after  the  displacement ;  ab  in  figures 
3  and  3." 

The  strike-slip  is  the  component  of  the  slip  parallel  with  the  fault 
strike,  or  the  projection  of  the  net  slip  on  a  horizontal  line  in  the  fault 
surface ;  ac  in  figures  2  and  3." 

The  dip-slip  ia  the  component  of  the  slip  parallel  with  the  fault  dip,  or 
the  projection  of  the  slip  on  a  line  in  the  fault  surface  perpendicular  to 
the  fault  strike;  be  in  figures  2  and  3,"  The  strike-slip  and  dip-slip  are 
rectangular  components  of  the  net  slip. 

The  trace-sUp  is  the  component  of  the  slip  parallel  with  the  trace  of  a 
bed,  vein,  or  other  surface  on  the  fault  plane. 

The  perpendicular  xlip  is  the  component  of  the  slip  at  right  angles  to 
the  trace  of  a  bed,  vein,  or  other  surface  on  the  fault  plane.     It  equals 

"  Svf  the  word  "flsw"  furrber  on, 

"Bpurr  aod  Tolman  call  tbis  tbe  "Tolal  dliplactment." 

■■Tolman  calls  IhU  tbe  "horlsontal  dliiplBceinent." 

"Tolman  caUs  It  tbe  "normal  dlaplacpment."  ,*" 
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the  perpendicular,  or  shortest,  distance,  measured  on  the  fault  plane,  be- 
tween the  two  parts  of  a  dislocated  hed,  vein,  or  other  surface;  bd  in 
Hgure  2.'"  The  trace-slip  and  the  perpendicular  slip  are  rectau^lar 
components  of  the  net  slip. 


It  frequently  happens  that  a  fault  has  not  a  single  surface  of  shear, 
but  consists  of  a  series  of  small  slips  on  closely  spaced  surfaces,  and  in 
some  faults  the  strata  in  the  neighborhood  of  the  fault  surface  are  bent, 
BO  that  the  relative  displacements  of  the  rock  masses  on  opposite  sides 
of  the  fault  may  be  quite  different  from  the  slip  and  not  even  parallel 
with  it.  The  word  "shift"  is  used  to  denote  the  relative  displacements 
of  the  rock  masses  situated  outside  the  zone  of  dislocation;  the  qualifying 


words  relate  to  the  strike  and  dip  of  the  fault  with  one  exception,  in 
which  the  meaning  is  clear. 

The  shift,  or  net  shift,  denotes  the  maximum  relative  displacement  of 
points  on  opposite  sides  of  the  fault  and  far  enough  from  it  to  be  outside 
the  dislocated  zone ;  de  in  figure  3  and  4,  where  d  is  the  position  of  a 
selected  point  before  and  e  after  the  faulting. 

The  strike-shift  is  th^  component  of  the  shift  parallel  vrith  the  fault- 
strike;  df  in  figures  3  and  4. 

The  dip-shift  is  the  component  of  the  shift  parallel  with  the  fault  dip; 

"  Span  call*  thlm  thg  "latarml  wianilloD." 
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It  in  figures  3  and  4.  (The  triangle  def  is  parallel  with  the  fault  surface 
in  figure  4.)" 

The  beading  of  the  strata  near  the  fadlt  may  be  so  great  that  the  direc- 
tion of  the  shift  is  no  longer  even  nearly  parallel  with  the  fault  surface; 
it  is  better,  then,  to  use  the  three  following  components  of  the  shift : 

Ths  strikeshift  denotes  the  horizontal  component  of  the  shift  parallel 
ffith  the  fault  strike,  as  already  defined. 

The  normal  shift  denotes  the  horizontal  component  of  the  shift  at  right 
BQi;les  to  the  fault  strike.  It  equals  the  horizontal  shortening  or  length- 
ening of  the  earth's  surface  at  right  angles  to  the  fault  strike,  due  to  the 
fault. 

The  veriicat  shift  denotes  the  vertical  component  of  the  shift  These 
t'omponenta  of  the  shift  may  evidently  be  used  when  the  shift  is  parallel 
with  the  general  trend  of  the  fault  surface. 

SEPARATIOX 

The  separation  of  a  bed,  vein,  or  of  any  recognizable  surface,  is  the 
distance  between  the  corresponding  surface  of  the  two  par.ts  of  the  dis- 
rupted bed,  etcetera,  measured  in  any  indicated  direction,"  The  distance 
nmst  be  measured  between  the  corresponding  surfaces  on  the  two  sides 
of  the  faults — for  instance,  between  the  upper  surfaces  of  the  two  parts 
«( the  disrupted  bed  or  between  their  lower  surfaces— but  not  between  the  ' 
upper  surface  of  one  part  and  the  lower  surface  of  the  other.  Moreover, 
the  surfaces  considered  must  be  parallel  with  the  general  extension  of 
the  bed,  vein,  etcetera,  such  as  the  upper  or  lower  surface  of  a  bed  or  the 
walls  of  a  dike. 

The  vertical  separation  is  the  separation  measured  along  a  vertical 
line. 

The  horizontal  separation  is  the  separation  measured  in  any  indicated 
Imrizontal  direction. 

The  normal  horutontal  separation  of  a  bed  or  other  surface  is  its  hori- 
zontal separation  measured  at  right  angles  to  the  strike  of  the  bed, 
etcetera.  It  is  frequently  determined  from  the  outcrops  of  the  bed  at 
the  surface  of  the  ground ;  it  is  then  usually  called  the  offset  of  the  bed. 
If  figures  5  and  6  represent  the  ground  plan  of  oblique  faults  on  a  level 
-surface,  ab,  and  not  ac,  would  be  the  offset  of  the  bed.  ac  would  be  the 
(lorizontal  separation  along  the  fault  strike,     cb,  in  the  same  fi^iures. 

"Thi>  dIp-Rblft  and  Htrlke-Hhifl  arp  dAi  HCcurHt«Ly  sboWD  Id  tlgiirr  ».  liro>u«e  tbF  nft 
■but.  it.  li  Dot  paraUel  with  tbe  fault  plane,  and  the  tinea  ite.  df,  aDd  It  would  Dot  lit 
Id  one  plane.     But  thc-deflDltlona  are  clear  and  the  tiKure  llluBtrat««  Ibem  fairly  nett. 

"The  word  "aeparatloD"  la  adopted  from  Spurr,  and  la  aomewhat  geDerallied. 
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might  be  called  the  gap  and  overlap  of  the  bed,  respectively;  they  are 
measured  parallel  with  the  strike  of  the  bed. 

The  perpendicular  separation  is  the  distance  between  the  planes  of  the 
two  parts  of  a  dislocated  bed  or  other  surface  measured  at  right  angles 
to  these  planes. 

The  term  atratigraphic  separation  may  be  used  to  denote  the  perpen- 
dicular separation  of  the  strata.  The  expression  "stratigraphical  throw^ 
was  suggested  by  De  Margerie  and  Heim**  to  represent  what  we  have 
called  the  stratigraphic  separation.  It  was  adopted  by  Willis"  and  ha*^ 
found  its  way  into  some  text-books.    It  has  no  relation  to  the  "throw,"  as 


FiOt-RB  B. — pro"  of  an  obHqitt  Fault.  Fiouke  ft— PJnii  of  an  obHqur  Fault. 

defined  below,  and  it  seems  unwise  to  use  the  same  word  to  represent 
dlEplacements  of  quite  different  kinds.  (For  illustrations  of  the  sepa- 
rations see  figures  IS,  16,  and  17.) 

It  is  extremely  important  clearly  to  distinguish  between  the  slip  and 
shift  and  the  separation.  The  first  two  refer  to  the  actual  relative  dis- 
placement of  the  two  sides  of  the  fault,  the  last  to  the  relative  displace- 
ment of  the  surfaces  of  the  two  brandies  of  a  dislocated  bed,  etcetera. 

Movements  of  one  side  or  of  both  sides  of  the  fault  parallel  with  the 
plane  of  a  bed  would  not  alter  the  separation  of  the  bed,  but  would  ma- 
terially alter  the  slip  and  shift. 

The  measures  which  will  be  most  commonly  made  are  the  offset  at  the 
surface,  and  the  vertical  and  horizontal  separations  in  sliafts  and  drifts, 
respectively.  In  order  to  determine  the  slip  or  shift,  it  is  necessary  to 
know  the  original  end  displaced  positions  of  a  point ;  this  is  not  always 
possible,  and  the  slip  and  shift  have  rarely  been  determined  with  ac- 
curacy.    If  striae  on  the  fault  surface  should  give  the  direction  of  the 
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eKp,  the  displacement  of  a  bed  in  that  direction  would  be  the  slip.    Other 
methods  mast  be  used  with  other  data.** 

THROW  ASD  BEAVE 

The  generalization  of  "throw"  and  "heave"  presents  peculiar  difficul- 
ties. They  apparently  first  came  into  use  in  the  coal  fields  of  tireat 
Britain,  where  in  general  the  strata  are  nearly  horizontal  or  the  faults 
are  strike  faults.  If  a  fault  were  encountered  when  a  coal  seam  was 
being  worked,  it  would  be  important  to  know  how  far  a  drift  should  be 
nm  horizontaUy  and  how  far  a  shaft  should  be  opened  vertically  to  reach 
the  other  part  of  the  disrupted  seam.  The  necessity  of  expressing  these 
distances  succinctly  seems  to  have  given  rise  to  the  two  terms;  the 
"heave"  to  represent  the  horizontal  distance,  the  "throw"  to  represent 
the  vertical  distance,  between  the  two  ends  of  the  disrupted  seam.  The 
choice  of  the  words  themselves  evidently  depended  on  the  fact  that  the 
distances  to  be  expressed  were  exactly  equal  to  the  relative  horizontal 
and  vertical  displacements  of  the  two  sides  of  the  fault,  and  the  words 
were  used  indifferently  to  express  the  distances  mentioned  and  the  dis- 
placements. When,  however,  we  have  to  do  with  oblique  faults,  a  glancq 
at  figures  13  and  14  will  show  that  the  vertical  distance  between  the  ends 
of  the  disrupted  bed  will  vary  with  the  horizontal  direction  between  the 
points  to  be  used  for  its  determination,  and  that,  in  the  case  of  oblique- 
slip  faults  the  stratum  on  the  downthrow  side  of  the  fault  may  be  above 
that  on  the  upthrow  side,  and  vice  versa.  Therefore  the  two  uses  of  the 
word  "throw"  become  completely  incompatible,  and  it  becomes  necessary 
to  limit  the  word  to  one  of  the  displacements  mentioned.  It  seems  im- 
possible to  separate  the  word  from  its  relation  to  the  strata  and  apply  it 
to  the  relative  displacement  of  the  sides  of  the  fault,  for  miners  would 
never  accept  the  change;  and,  moreover,  with  the  great  majority  of 
faults  the  true  relative  displacement  of  the  sides  would  never  be  known 
and  the  word  could  not  be  used  at  all ;  when  this  displacement  is  known 
it  can  be  properly  designated  by  the  words  "slip"  or  "shift."  It  is 
therefore  advisable  to  restrict  the  word  "throw,"  and  with  it  the  word 
"heave,"  to  the  displacements  of  the  ends  of  a  disrupted  stratum ;  and  in 
order  to  extend  the  use  of  the  words  to  oblique  faults,  we  must  define  the 
vertical  plane  in  which  the  two  points  of  the  disrupted  stratum  lie  which 
■re  to  be  osed  to  determine  them.  These  considerations  lead  to  the  fol- 
lowing definitions : 

*a*iivral  mctbodi  ot  d«t*rmlnlnr  the  allp  uid  iblft  an  flten  In  Qeometrr  ot  FkDiti. 
Bill«tln  of  the  OcolDstcftl  Boel^tr  of  Amertu.  toI.  ii,  pp.  ITl-lM,  and  In  Tolman'i 
GnpUcal  Bolntlon  of  Fkolt  Problema,  loc  cit. 
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The  throw  is  the  vertical  distance  between  corresponding  lines  in  the 
two  fracture  surfaces  of  a  disrupted  stratum,  etcetera,  measured  in  a 
vertical  plane  at  right  angles  to  the  fault  strike. 

The  heave  is  the  horizontal  distance  between  corresponding  lines  in 
the  two  fracttire  surfaces  of  a  disrupted  stratum,  etcetera,  measured 
at  right  angles  to  the  fault  strike.  These  distances  must  be  measured 
between  corresponding  lines — for  instance,  between  the  upper  edges  of 
the  two  fracture  surfaces  of  the  stratum  or  between  their  lower  edges — 
but  not  between  the  upper  edge  of  one  fracture  surfa^'e  and  the  lower 
edge  of  the  other. 

In  figure  8  the  ends  of  the  block  are  vertical  sections  at  right  angles  to 
the  fault  strike;  fie  is  the  throw  and  elc  the  heave.  In  figure  3,  eg  is  the 
throw  and  hg  the  heave,  if  the  strikes  of  the  fault  and  strata  are  parallel. 
(See  also  figures  15, 16, 17.)  The  words  "throw"  and  "heave"  have  been 
used  in  various  senses.  A.  Geikie  lises  "throw"  for  the  distance  (ec,  in 
figure  9),  which  we  have  called  the  vertical  separation,  and  Spuir  for  the 
separation  along  the  dip  of  the  fault  plane.  J.  Geikie,  Willis,  Scott,  and 
Fairchild  use  "heave"  practically  as  it  is  defined  above.  A.  Geikie  and 
Spurr  make  it  equivalent  to  the  offset.  Jukes-Brown  apparently  used  it 
for  the  strike-slip  (de  Margerie  and  Heim,  page  72) ;  so  did  Ransumc. 
and  Scott  also  uses  it  in  this  sense  when  he  refers  to  "heave-faults."  The 
throw  has  also  been  called  the  "vertical  throw"  and  the  heave  the  "hori- 
zontal throw,"  but  this  usage  is  not  recommended. 

APPARBNT  DIBFLACEUBSTS 

It  is  often  desirable  to  refer  to  the  apparent  displacement  in  a  par- 
ticular vertical  section.  For  this  purpose  it  is  convenient  to  use  the  ex-  , 
pressiona  apparent  slip,  apparent  throw,  etcetera.  The  context  should,  of 
course,  show  what  vertical  plane  is  under  consideration.  It  is  never 
necessary  to  use  the  word  "apparent"  in  connection  with  the  separation, 
as  the  separation  can  be  measured  in  any  given  direction. 

FAULTS  CLABSiriBD  ACOORDINQ   TO   THE  DISBOTIOS  OF   TBB  MOVMMMtlT 

Faults  may  be  classified,  according  to  the  direction  of  the  iDorement 
on  the  fault  plane,  into 

Dip-slip  faults,  where  the  net  slip  is  practically  in  the  line  of  the  fault 
dip. 
V     Strike-slip  faults,  where  the  net  slip  is  practically  in  the  direction  of 
the  fault  strike.     J.  Qeikie  calls  such  faults  "transcurrent  faults,"  or 
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"tranBverse  thrusts,"     Jukee-Browo  cbUb  them  "heavea."     Scott  culla 
them  "horizontal  faults"  or  "heave  faults."    A  vertical  fault  ia  one  with 
a  dip  of  90  degrees  (see  below) ;  and,  by  analogy,  a  horizontal  fault  shoulO 
be  one  with  a  zero  dip  and  should  not  refer  to  strike-slip  faults. 
~  ''  Oblique-slip  faults,  where  the  net  slip  lies  between  these  directions. 

OLAasBB  or  araiKS  rAOLra   ' 

Uost  geological  text-books  and  hooka  on  field  methods  have  confined 
theouelvee  almost  exclusively  to  the  discussion  of  dip-slip  faults,  and 
have  given  little  attention  to  the  other  two  classes. 

Strike  faults  have  usually  been  treated  as  though  they  were  also  dip- 
slip  faults  and  classified  into 

Normal  faults,  whete  the  hanging  wall  has  been  depressed  relatively  to 
the  foot  wall. 

Reverse  faults,  where  the  banging  wall  haa  been  raised  relatively  to  the 
toot  wall. 
-    Vertical  faults,  where  the  dip  is  90  degrees. 

The  relative  displacement  has  osually  been  determined  by  means  of  a 
dislocated  bed.  Although  exception  may  well  be  taken  to  these  terms, 
their  retention  is  recommended,  because  they  are  in  general  use  and  are 
well  understood.  The  word  "reverse"  ia  preferable  to  "reversed"  (which 
has  been  almost  oniTersally  used),  as  the  latter  implies  the  reversal  of  an 
action. 

The  horizontal  distance  between  two  points  on  opposite  sides  of  a  fault, 
measured  on  a  line  at  right  angles  to  the  fault  strike,  ia  always  shortened 
by  a  reverse  strike  fault,  lengthened  by  a  normal  strike  fault  and  un- 
changed in  length  by  a  vertical  fault. 


The  expressions  "normal"  and  "reverse"  may  be  used  in  connection 
with  oblique  and  dip  faults,  even  when  they  are  strike-slip  or  oblique-slip 
faults,  provided  they  are  applied  to  designate  the  apparent  relative  dis- 
pUeement  of  the  two  parts  of  a  dislocated  stratum,  or  other  recognized 
surface,  in  a  vertical  plane  at  right  angles  to  the  fault  strike.  It  does 
not  follow,  in  the  case  of  oblique-slip  faults,  that  a  horizontal  line  at 
right  angles  to  the  fault  strike  would  be  lengthened  by  a  normal  or  short- 
ened by  a  reverse  fault.  This  has  been  pointed  out  by  Mr.  Sansome" 
and  may  be  illustrated  by  figures  7  and  8.    In  figure  7  a  reverse  fault,  as 

"  BeonoiDle  Ocologr,  toI.  t,  pp.  T83-T8T. 
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determined  by  the  diaplacemeot  vf  the  stratum,  baa  caused  ao  extension 
at  right  angles  to  the  fault  etrik '.  It  is  evident  that  if  the  hanging  wall 
had  moved,  aa  in  figure  8,  with  the  stratum  dipping  aa  there  represented, 
we  should  have  had  a  normal 
fault  and  a  contractioD  at  right 
angles  to  the  fault  strike.  The 
relations  of  the  two  parta  of 
the  disrupted  stratum  in  fig- 
ure 7  are  exactly  the  same  aa 
if  we  had  had  a  simple  reverse 
dip-slip  fault,  and  in  figure  8 
as  if  we  had  had  a  simple  nor- 
mal dip-slip  fault ;  and  if  tbere 
were  no  disrupted  dikes  or 
other  means  of  determining 
the  amount  of  the  strike-slip,  the  movements  described  could  not  be  dis- 
tinguished from  simple  dip-slip  faults.  It  very  frequently  happens  that 
nothing  more  than  the  apparent  displacement  of  the  strata  can  be  deter- 
mined, and  we  recommend  that  the  terms  "normal"  and  "reverse"  faults 
as  defined  be  used  purely  for 
purposes  of  description  and  not 
for  the  purpose  of  indicating 
extension  or  contraction,  tension 
or  compression,  vertical  or  hori- 
zontal forces.  John  A.  Reid  hae 
suggested  that  the  terms  "appar- 
ently normal"  or  "apparently 
reverse"  fault  he  used  until  it 
has  been  definitely  made  out 
whether  the  hanging  wall  has 
experienced  a  relative  movement 
np  or  down  the  fault  dip,  and 
then  to  use  the  terms  "normal"  or  "reverse."  The  objection  to  tiiis  is 
that  it  breaks  with  former  usage  and  introduces  confusion,  for  the  dis- 
tinction would  certainly  not  always  be  made. 

SPECIAL  OLASSEB  OP  FAULTS 

There  are  two  kinds  of  faults  which  have  played  such  important  r61«8 
in  altering  the  structure  of  some  regions  that  they  have  received  special 
names. 
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OvgrthnuU:  These  are  reverse  faults  with  low  dip  or  large  hade.  In 
some  cases  the  dip-slip  has  been  enormous,  amoimtlDg  to  tens  of  kilo- 
meteiB.  Scott  calls  ^em  "thrusts"  and  separates  them  entirely  from 
faults  of  high  dip;  but  the  word  "thrust"  has  been  used  for  ordinary 
reverse  faults  of  high  dip.  The  word  "overthrust"  has  been  very  gener- 
ally used  for  this  kind  of  fault  and  is  very  descriptive.  It  should  be 
adopted. 

Flaws:  Suesa  has  described  with  care  certain  faults  in  which  the  strike 
is  transverse  to  the  strike  of  the  rocks,  the  dip  high  aud  varying  from  one 
side  to  the  other  in  the  course  of  the  fault,  and  the  relative  movement 
practically  horizontal  and  parallel  with  the  strike  of  the  fault.  He  has 
used  the  word  "blatt"  (plural,  "blatter")  to  designate  them.  Miss  Sollas 
has  nsed  the  word  "flaw"  in  the  English  translation  of  Suess.    "^ 

SOTATOBT  MOTBUSNTS 

As  has  already  been  pointed  out,  the  displacements  of  all  large  faults 
will  be  accompanied  by  a  rotation  varying  in  amount  along  the  course  of 
the  fault ;  moreover,  in  some  cases  the  general  character  of  the  displace- 
ment may  l>e  rotatory,  although  the  rotation  will  not  be  uniform  along 
the  fault.  Where  rotations  occur,  the  amount  of  rotation  of  the  part 
under  consideration  and  the  direction  of  the  axis  should  be  given.  Rota- 
tory movements  on  faults  have  been  but  little  studied,  and  it  is  not  con- 
sidered advisable  to  suggest  a  special  nomenclature  at  present.  Faults 
with  rotatory  movements  have  been  called  "pivotal"  faults;  but  this  term 
is  not  satisfactory,  as  there  are  no  pivots. 

Grodfb  of  Faults 

It  seems  unnecessary  to  define  ail  combinations  of  faults.  The  words 
in  common  use  are  sufficiently  consistent  and  universal  not  to  cause  con- 
fusion. There  is  one  group,  however,  that  might  advantageously  be  de- 
fined. Where  a  mass  is  elevated  or  depressed,  it  is  sometimes  surrounded 
by  one  set  of  faults,  cut  approximately  at  right  angles  by  a  second  set. 

Peripheral  faults  are  faults  running  along  the  periphery  of  a  geolog- 
ically elevated  or  depressed  region. 

Bodial  favitt  are  faults  radiating  roughly  from  a  point.  Each  of  these 
two  groups  of  faults  may  exist  without  the  presence  of  the  other.  Scott 
has  dirided  all  faults  into  "thrust,"  "radial,"  "horizontal,"  and  "pivotal" 
faults;  the  first  have  been  called  "overthrusts"  above,  and  the  next  two 
are  rou^y  our  dip-slip  and  strike-slip  faults  of  high  dip.  By  the  word 
"ndial"  Scott  apparently  refers  to  the  directions  of  the  earth's  radii. 
Zin— -Bin.!.  OaoL.  Boc.  Am.,  Tol.  24, 1912 
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The  former  use  of  the  word  "radial"  is  older  and  more  general  than 
Scott's  and  should  be  adopted. 


FxooR*  9. — Station  of  a  revtrte  dlf>-«llj)  Famlt 
{hetati  tor  figum  9,  10,  11,  «iid  IZJ 


vrrt.  >ep. 

tl  or  B^  =  Blratlg.  Miwr, 

throw 

ec  =  Tertlcal  Beparatlou 

1)0  or  ce  =  Horli.  Mp«r. 

t  —  dlpo(it™t« 

D  =  aipoIf«alt 

H  =  hade  of  fault 

.-crL  Mpar. 

«llp 

bor  Kpar          "^' 

-  =  aln(D±t):  the  proper  i 
rill  appear  from  (h*  trlanfle  a 


Special  Terms 


The  following  terms  refer  to  the  displacement  on  faults  and  do  not 
refer  to  the  form  of  the  earth's  surface.  They  denote  geologic  stnictiire, 
Dot  topographic  form. 
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A  horst  is  a  masB  elevated  relatively  to  the  surrounding  masseB  and 
separated  from  them  b;  faults. 

A  grdben  is  a  mass  depressed  relatively  to  the  surrounding  masses  and 
separated  from  them  by  faults. 
"  A  fault  block  is  a  mass  bounded  on  its  sides,  completely  or  in  part,  by 
faults.  It  may  be  elevated  or  depressed  relatively  to  the  adjoining  mass, 
or  it  may  be  elevated  relatively  to  the  mass  on  one  side  and  depressed 
relatively  to  that  on  the  other.  A  mass  that  is  not  entirely  inclosed  by 
faults  may  properly  he  termed  a  fault  block  only  when  it  can  be  regarded 
as  a  structural  unit  whose  relations  to  the  adjacent  masses  has  been 
dominantly  determined  by  faulting. 


FIOUIB  10. — fiecMon  of 

(Btt  flgure  I 

The  pilch  of  a  line  lying  in  the  fautt-plane,  such  as  the  trace  of  a  dis- 
located bed  or  vein,  is  the  angle  between  the  line  and  the  hortzoiitnl 
measured  in  the  fault-plane.  The  angle  between  the  same  line  and  the 
horizontal  measured  in  a  vertical  plane  through  the  line  is  the  dip  of  the 
line. 

StOOEBTIONB   FOR    TEACHING  " 

The  extent  of  the  instruction  on  the  subject  of  faults  and  their  nomen- 
clature must  be  determined  by  the  character  of  the  class  and  by  the  jiulg- 

CTeral    FeUows  of  the  Soclet;^.      It 
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ment  of  the  instructor.    It  wouRbe  sufficient  to  give  elementary  students 
a  general  coijteption  of  a  fault  as  a  fracture  dying  out  at  the  ends  and 
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FiQL-BE  12.— Seclfod  ef  a  rertrie  illp-tUp  Fault 
(8«e  H^ure  II  for  legend) 
varying  along  its  fuiiree  in  the  amount,  direction,  and  character  (trans- 
latory  or  rotatorj-)  of  the  displat'ements.    The  terms  defined  in  the  sec- 
tions on  General  Terms  and  General  Classes  of  Local  Movements  oi-. 
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Faults  might  be  introduced  in  order  to  make  the  conception  of  a  fault 
more  accurate  and  precise. 

With  a  more  advanced  class  the  local  displacements  in  the  different 
parte  of  the  fault  should  be  described  and  their  characteristics  discussed, 
beginning  vith  a  dip-slip  fault  (the  simplest  type  of  fault' and  fault- 
movement),  alt  of  whose  elements  can  be' shown  in  a  vertical  section 
taken  at  right  angles  to  the  strike  of  the  fault  and  of  Hie  strata.     With 
the  help  of  figures  9,  10,  U, 
and  12,  which  are  sections  of 
this   kind,    the    various    ele- 
ments   of    the    displacement 
should  be  defined,  and  the  re-- 
lationa  between  them,  as  given 
below  the   figures,  should  be 
brought  out.    The  character- 
istics of  vertical,  normal,  and  p.,^„„^  i3.-B<d»  rep^t^  at  Bur,«ce 
reverse      faults     should     be 
.pointed  out,  and  it  should  be  nhown  that  the  outcrops  of  the  strata  will  he 
repeated  dh  oppnpjte' sides  of  the  fault  if  the  strata  dip  toward  the  up- 
throw side  of  the  fanlt,  and  that  some  strata  will  not  outcrop  at  all  if 
the  strata  dip  toward  the  downthrow  side  of  the  fault.    This  may  be 
illustrated  by  figures  13  and  14,  which  represent  vertical  faults.     It  is 
quite  evident  that  if  the  fault  should  dip  to  the  right  we  should  have  a 
reverse  fault,  and  if  to  the  left  a  normal  fault.     There  would  be  no 
jj  change   at   the  surface   if 
,  the     fault-line    were    not 
moved.    Unless  the  dip  of 
the    fault   can   t>e   found, 
surface  observations  will  in 
many     cases     not     decide 
whether  the  fault  is  nor- 
mal, vertical,  or  reverse. 
FioDBB  14.— Bed.  otiMiHff  at  Burfact  Strike,  dip,  and  oblique 
faults  should  now  be  de- 
fined and  an  oblique  fault  considered  as  the  general  case  of  all  three. 
Figures  15,  16,  and  17  show  the  displacements  in  plan  and  in  two  sec- 
tions.    It  is  necessary  here  to  define  apparent  displacements  and  to  de- 
scribe the  relations  of  the  two  branches  of  the  outcrop  as  dependent  on 
llie  directions  of  the  strike  of  the  fault  and  of  the  strata,  defining  also 
(he  gap  and  overlap.** 

"Thne  relatlOD*  arc  veU  [Uuatrated  In  Cbamberlln  and  Sallibury's  O«o1oi>. 
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FiunBE  15. — Plan  of  ait  obHqNe  fault 


ef  =  ottaH 
nb^  apparent  slip 
ef  =  8tr«t1)(.  separ. 
«:■=;  vertical  aepar 


ait  =  apparent  tbron 
bk  =  apparent  heave 
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SUOOESTIONS   POa  TEACHING 


Dip-slip  faults  alone  have  been  considered  up  to  this  point,  ami  it  is 
probably  Dot  desirable  to  go  more  deeply  into  the  subject  except  with 
speciil  Btudente  in  geology  or  mining  engineering.     With  special  stu- 


FiauKi  It.—TerHeal  Seettan  of  right  Anffle*  to  Fault 
=  illp  for  dliMlip  lanit  b'  f  =  heave 
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Vvrata  IS. — The  Blip 


deata  the  more  complex  part  of  the  subject  should  be  taken  up  as  follows : 

Eiperience  shows  that  movements  may  take  place  in  any  direction  on 

s  fiutt  surface,  and  this  leads  to  the  definition  of  dip-slip,  strike-slip, 
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and  oblique-slip  iaults.  An  oblique-slip  fault,  as  the  most  general  caae 
of  fault  movement,  may  be  illustrated  by  figure  18.  The  block  represents 
a  portion  of  the  earth's  crust;  its  boundary  lines  have  no  real  existence 
in  DSture,  but  are  drawn  for  the  purpose  of  indicating  directions  and 
showing  the  position  of  the  fault  surface.  Suppose,  then,  that  a  fracture- 
takes  place  in  the  surface  ABCD,  aod  suppose  that  the  point  which  was 
formerly  immediately  adjacent  to  A  should  move  by  faulting  to  C;  then 
AC  would  be  the  slip  or  net  slip,  DC  the  strike-slip,  and  AD  the  dip-slip. 

The  fault-plane  is  completely  defined  locally  if  we  know  its  strike  and 
dip  and  one  point  of  its  plane,  such  as  a  point  of  its  outcrop.  As  the 
movement  takes  place  parallel  with  the  fault-plane,  we  need  only  two 
romponents  of  the  motion  in  this  plane  completely  to  define  the  displace- 
ment ;  the  strike-dip,  DC,  and  the  dip-slip,  AD,  are  suitable  components ; 
but  it  may  be  convenient  at  times  to  use  the  trace-slip  and  the  perpen- 
dicular slip.  To  determine  the  slip  it  is  necessary  to  identify  the  original 
and  final  position  of  a  point ;  this  is  frequently  impossible,  and  then  the 
slip  can  not  be  found. 

The  displacements  of  strata,  dikes,  etcetera,  are  the  displacementa 
usually  determined,  and  in  some  mining  operations  they  are  all  that  is 
needed.  They  are  described  by  means  of  the  separations,  which  must  be 
defined.  Figures  7  and  8  show  that  they  frequently  give  no  clue  to  the 
slip.  If  the  offset  or  the  normal  horizontal  separation  and  the  dip  of  a 
bed  have  been  found,  the  stratigraphic  separation  can  be  calculated  and 
the  relation  of  the  two  branches  of  a  stratum  becomes  known.  The  ver-  ■ 
tical  and  horizontal  separations  can  be  determined  in  shafts  and  drifts 
of  mines."  The  generalized  definitions  of  throw  and  heave  and  of  nor- 
mal and  reverse  faults  find  their  places  here. 

Where  the  strata  near  the  fault  have  been  distorted  by  the  movement 
and  bent  up  or  down,  the  displacement  of  the  crust  outside  the  distorted 
position  is  not  the  same  as  the  slip ;  this  leads  to  the  definition  of  the 
shift.  Note  that  in  strike  faults  without  a  distorted  zone  the  heave 
shows  the  amount  of  horizontal  contraction  or  extension  of  the  crust  due 
to  the  fault.  In  the  general  case  this  contraction  or  extension  is  shown 
by  the  normal  shift,  which,  where  there  ia  no  distorted  zone,  becomes 
equal  to  the  corresponding  component  of  the  slip. 

Finally,  the  relations  existing  in  groups  of  faults  should  be  explained, 
and  such  special  terms  as  flaw,  horst,  graben,  etcetera,  should  be  defined. 

"In  1.  tormer  foot-note  rtterence*  li»Te  been  glreD  to 
d«t«nniiiKtton  Ot  tbe  aUp.    Tbc  tubject  la  too  aitcnalvc  t 
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GbOLOOIOAL  and   PHT8IOGRAPHICAL    NOMENCLATCRK    OF    FaOLTS 

The  geolo^cal  Domenclature  of  faults  is  chiefly  concerned  with  a  geo- 
metrical treatment  of  local  problems  of  underground  structureg,  and 
^vee  little  or  no  consideration  to  surface  forms.  The  physiographic 
nomenclature  of  faults  is  concerned  almost  wholly  with   large  topo- 
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graphical  problems  of  surface  fonns  as  determined  by  the  action  of  ero- 
Biooal  processes  on  faulted  structures.  The  terminology  here  suggested 
for  surface  forms  of  this  class  is  closely  related  to  a  systematic  method 
of  physiographic  description  which  may  be  called  the  method  of  "etruc- 
ture,  process,  and  stage,"  in  that  it  recognizes,  first,  the  underground 
structure — often  called  the  geological  structure— of  the  mass  which  ex- 
hibits physiographic  forms  in  its  upper  surface;  second,  the  process  or 
processes  which  have  worked  on  the  structural  mass  so  as  to  modify 
its  initial  surface  forms;  and,  third,  the  stage  reached  by  the  action  of 
process  on  structure  in  producing  the  actual  forms  under  consideration, 
in  Tiew  of  the  whole  series  of  stages  from  the  initiation  of  erosional  work 
by  the  uplift  of  the  structural  mass  to  the  completion  of  erosional  work 
by  the  reduction  of  the  mass  to  a  featureless  plain.  Relief,  or  local 
inequality  of  altitude,  and  texture,  or  spacing  of  stream-lines,  are  also 
given  explicit  attention  in  the  fully  developed  application  of  this  sys- 
tematic scheme,  but  they  will  not  be  closely  considered  here.  As  the 
proposed  terminology  for  surface  forms  on  faulted  structures  ts  thus 
related  to  a  comprehensive  plan  of  treatment  for  all  sorts  of  forms  on 
all  sorts  of  structures,  the  terms  can  not  be  well  understood  from  defini- 
tions alone.  Their  meaning  can  be  better  gathered  from  the  following 
statement  of  the  manner  in  which  they  are  used. 

The  Cycle  of  Erosion 

It  appears  from  the  foregoing  that  an  important  feature  of  the  scheme 
of  "structure,  process,  and  stage"  is  the  recognition  of  the  systematic 
sequence  of  surface  forms  that  must  be  developed  during  the  progress  of 
erosional  work  on  structural  masses.  Various  essential  terms  in  the 
scheme  are  related  to  the  sequence  in  which  surface  forms  are  produced, 
and  the  chief  of  these  will  now  be  concisely  stated.  The  time  required 
for  the  completion  of  the  whole  series  of  erosional  changes,  between  the 
initiating  uplift  of  a  land-mass  and  its  ultimate  reduction  to  a  feature- 
less lowland  or  to  a  submarine  platform,  is  called  by  American  physiogra- 
phers a  cycle  of  erosion ;  and  all  the  members  of  the  systematic  sequence 
of  forms  produced  during  the  normal  progress  of  a  cycle  of  erosion  may 
therefore  be  called  sequential  forms — the  three  terms,  initial,  sequential, 
and  ultimate,  so  appropriately  related  to  one  another  in  this  scheme, 
having  been  first  introduced  by  Dr.  F.  P.  Gulliver  in  his  study  of  "Shore- 
Hue  Topography"  (W). 

It  has  become  to  be  habitual  with  many  physiographers  to  speak  of 
the  early,  intermediate,  and  late  members  of  such  a  sequence  as  young. 
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mfttme,  and  old;  and  to  speak  of  the  early,  intermediate,  and  late  stages 
of  a  cycle  as  its  youth,  maturity,  and  old  age — two  of  these  biological 
terms  having  been  employed  in  this  connection  nearly  thirty  years  ago 
by  Chamberlin  and  Salisbury  in  their  description  of  the  "Qriftless  Area 
of  the  Upper  Mississippi  Valley"  ('86,229),  although  what  was  there 
described  as  "old  age"  is  here  called  "maturity."  Evidently  a  cycle  of 
erosion  thus  conceived  is  not  a  definite  measure  of  time,  but  simply  such 
s  duration  as  suffices  for  the  accompliehment  of  the  task  initiated  by 
uplift;  just  as  the  cycle  of  life  for  an  organic  form  is  not  a  definite 
number  of  days  or  years,  but  simply  a  time  sufficient  for  passing  through 
all  the  stages  of  growth  in  a  completed  life.  Similarly  when  a  certain 
sequential  form  is  described  aa  young  or  mature  or  old,  no  definite  meas- 
ure of  time  or  number  of  years  is  to  be  understood,  but  only  such  a  part 
of  the  total  duration  of  the  cycle  concerned  as  corresponds  to  its  earlier, 
middle,  or  later  development.  A  young  Sequoia  might  be  older  than  a 
mature  man,  and  a  mature  man  much  older  than  an  old  mushroom,  be- 
cause the  terms  young,  mature,  and  old,  even  when  indicative  of  age,  are 
always  considered  in  relation  to  the  normal  length  of  life  of  the  indi- 
vidual under  consideration;  or,  as  Kant  put  it  over  a  hundred  years  ago : 
"Wenn  man  wissen  will,  ob  eiu  Ding  alt,  oh  es  sehr  alt,  oder  noch  juug 
zu  nennen  ist,  muss  man  nicht  nach  der  Anzahi  der  Jahre  schatzen,  die 
es  gedauert  hat,  sondern  nach  dem  Yerhaltnis,  daas  dieee  zu  derjenigen 
Zeit  gehabt  haben,  die  es  dauern  solte"  (SamratUcbe  Werke,  I,  1867, 
189). 

Interruptions  of  the  Cycle  of  Ebosion 


The  progress  of  changes  through  a  cycle  of  erosion  may  be  interrupted 
at  any  stage,  if  the  land-mass  is  displaced  so  as  to  take  a  new  position 
with  respect  to  the  controlling  baselevel  of  erosion;  the  land-masa  may 
be  regarded  ae  thereupon  entering  a  new  cycle  of  erosion,  the  young 
forms  of  the  newly  introduced  cycle  for  a  time  combining  with  and  then 
gradually  replacing  the  previously  developed  forms  of  the  interrupted 
cycle.  Besides  the  many  complications  introduced  by  cruetal  movements 
which,  following  the  terminology  here  employed,  may  "interrupt"  one 
cycle  and  "introduce"  another,  there  are  other  disturbing  complications 
produced  by  volcanic  eruptions  or  by  climatic  changes,  which  do  not 
Decesearily  involve  any  change  in  the  attitude  of  a  land-mass  with  respect 
to  baselevel.  It  is  my  personal  habit  to  speak  of  these  disturbances  as 
"accidents,"  and  to  reserve  the  word  "interruptions"  for  crustal  move- 
ments by  which  a  land-mass  is  given  a  new  attitude.  With  accidents  we 
here  have  nothing  more  to  do.     With  interruptions,  which  include  up- 
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lifts,  depressions,  warpings,  foldings,  and  deformationa  of  any  kind,  we 
are  further  concerned,  because  one  kind  of  deformation  embraces  faults, 
which  involve  difFereatial  movements  of  the  two  parts  of  a  severed  maas. 
The  development  of  a  systematic  terminology,  consistent  with  the  rest 
of  the  terminology  of  the  method  of  "structure,  process,  and  stage,"  for 
forms  developed  on  faulted  structures  is  the  object  of  this  paper, 

Belation  of  Faults  to  the  Cycle  of  Ebosion 

It  is  manifest  from  what  is  known  of  many  well  studied  examples  of 
faulted  structures  that  a  fault  may  take  place  in  any  direction  and  with 
any  displacement  in  a  structural  mass  of  any  kind,  at  any  stage  in  its 
physiographic  development,  under  the  action  of  any  kind  or  kinds  of  ero- 
sional  processes  on  its  surface.  It  is  also  clear  that,  just  as  the  fault  may 
have  any  relation  to  the  underground  structures  that  it  traverses,  so  its 
surface  expression  in  a  fault  scarp  may  traverse  indifferently  all  other 
kinds  of  surface  forms.  Further,  it  follows  that  on  account  of  the  new 
positions  given  to  the  two  parts  of  the  faulted  mass  with  respect  to  base- 
level,  the  surface  action  of  the  erosional  processes  must  be  more  or  less 
changed  as  a  consequence  of  faulting.  The  cycle  of  erosion  previously  cur- 
rent should,  therefore,  in  accordance  with  the  scheme  above  stated,  be  re- 
garded as  "interrupted"  and  the  further  work  of  erosion  be  treated  as 
belonging  to  a  new  cycle  "introduced"  by  the  faulting;  but,  unless  the 
displacement  of  the  fault  be  large,  so  strict  an  application  of  the  scheme 
of  the  cycle  is  not  necessary;  small  disturbances  may  be  treated  as  mere 
episodes  of  a  single  cycle.  Nevertheless,  if  a  long  succession  of  small 
faults  occur,  the  sum  of  their  movements  must  suffice  to  int«rrupt  the 
preceding  cycle  and  to  introduce  a  new  one,  and  the  work  that  the  ero- 
sional processes  were  previously  performing  will  thus  in  time  come  to  be 
seriously  modified  and  an  altogether  new  series  of  sculptured  forms  will 
result  therefrom. 

In  view  of  the  object  of  that  section  of  modern  physiographic  study 
which  is  concerned  with  the  description  of  land  forms,  it  is  evident  that 
the  terminology  of  surface  forms  developed  on  faulted  structures  must 
have  especial  reference  to  existing  surface  features  that  are  actually 
visible.  This  is  hardly  more  than  a  truism,  yet  it  deserves  conscious 
recognition  and  emphasis,  because  it  often  happens  that  in  the  attempt 
to  give  explanatory  description  to  land  forms  the  complications  of  the 
past  processes  involved  in  the  explanation  distract  the  attention  of  the 
reader  from  their  visible  product  in  the  features  of  the  present  land- 
scape and  direct  it  to  the  past  action  of  inferred  processes  on  invisible 
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structures.  This  i§  a  real  difficulty,  which  at  preeent  seriously  embar- 
rafiscB  many  physiographic  studies;  but  it  is  not  an  insuperable  difficulty. 
One  of  the  readiest  means  of  lessening  it  is  not  to  neglect  it  but  to  attack  ■ 
it — that  is,  consciously  to  direct  our  attention  toward  the  existing  surface 
product  of  past  processes  on  underground  structures — and  thus  avoid 
entanglement  in  the  maze  of  the  past  processes  themselves.  Our  effort 
should  constantly  be  turned  to  telling  what  a  district  looks  like,  whether 
we  tell  about  it  in  the  empirical  terms  of  an  earlier  century  or  in  the 
explanatory  terms  now  more  in  fashion.  The  reasons  which  have  led 
many  to  follow  the  explanatory  method  I  have  sufficiently  set  forth 
in  an  address  of  a  year  ago  (a,  '12,  104-112). 

An  ideal  Series  op  Forms  on  faulted  STRncroRES 

Two  methods  of  procedure  toward  our  present  object  are  in  use.  One  ■ 
consists  in  gathering  the  accounts  of  various  actual  forms  on  faulted 
structures,  arranging  them  in  some  suitable  sequence,  and  giving  them, 
one  after  the  other,  explanatory  description  in  some  fitting  terminology ; 
these  actual  examples  then  serve  as  types  for  the  description  of  new  ex- 
amples. Another  method  begins  like  the  first  one  with  a  collection  of 
actual  examples,  but  it  goes  much  farther;  it  establishes  the  general 
principles  that  are  exemplified  in  the  collected  cases,  and  then  deduces 
from  these  general  principles  a  systematic  aeries  of  purely  ideal  examples, 
and  describes  them  in  a  correspondingly  systematic  series  of  explanatory 
terms.  The  second  method  is  here  adopted,  but  only  its  deductive  partis 
presented  in  this  essay.  In  passing,  it  may  be  pointed  out  that  in  thp 
possibility  of  greatly  increasing  tlie  number  of  deduced  ideal  examples 
over  the  number  of  observed  examples,  and  in  the  full  understanding  that 
is  gained  regarding  the  ideal  forms,  inside  and  out,  in  their  past,  present, 
and  future  conditions,  lies  the  great  advantage  of  a  deductively  developed 
explanatory  tenninolog>-.  Evidently  the  description  of  a  new  example 
will  be  much  facilitated  if  the  observer  has  previously  made  acquaintance 
with  a  large  number  of  thoroughly  understood  types;  and  no  method  yet 
employed  provides  so  large  an  outfit  of  well  conceived  types  as  the  deduc- 
tive method  here  adopte<l.  But  it  should  not  be  forgotten  that  the  de- 
ductive part  of  this  method  of  establishing  a  terminology  can  not  be 
properly  undertaken  until  after  an  earlier  inductive  and  analj'tical  study 
of  many  actual  examples  has  made  it  possible  safely  to  establish  the 
general  principles  from  which  the  deduced  ideal  examples  are  drawn. 

Let  us  therefore  begin  the  present  study  at  the  beginning,  or  initial 
stage,  of  an  imagined  new  cycle  of  erosion,  which  is  introduced  by  the 
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strong  faultiug  of  a  land  mass  of  any  structure  that  has  already  reached 
any  stage  of  erosional  development  in  a  preceding  cycle.  Be  it  noted, 
however,  that  the  "strong  faulting"  is  not  to  be  understood  as  accom- 
plished all  at  once,  but  by  a  succession  of  small  faults,  each  of  which 
alone  would  be,  as  already  indicated,  merely  an  episode,  although  aU 
taken  together  suffice  to  interrupt  the  cycle  previously  current  and  tc 
introduce  the  new  one.  We  then  follow  the  sequential  changes  as  far 
forward  through  the  new  cycle  and  through  later  cycles  as  is  profitable, 
and  give  appropriate  names  to  the  more  important  forms  that  are  asso- 
ciated with  the  fault  at  successive  stages  during  successive  cycles  in  the 
work  of  erosion  on  it. 

As  long  as  our  discussion  is  presented  only  in  verbal  form,  its  general 
values,  indicated  in  such  phrases  as  "a  land  mass  of  any  structure  in  any 
stage  of  development"  may  be  preserved;  as  soon  as  a  diagram  is  added 
to  give  graphic  illustration  of  verbal  meaning  the  discussion  is  in  danger 
of  losing  much  of  its  generality,  for  a  single  diagram  can  show  a  land 
form  of  only  one  structure  and  usually  of  only  one  stage.  N'evertlieless, 
such  are  the  advantages  of  graphic  illustration  that  diagrams  can  not  be 
dispensed  with  ;  their  dangers  may  perhaps  be  lessened  by  using  series  of 
composite  diagrams,  as  in  figures  1  and  2,  the  two  series  having  different 
structures  and  each  series  showing  a  number  of  successive  stages.  Fig- 
ure 3  shows  only  a  single  mature  stage  of  a  mountainous  district  of 
massive  structure  crossed  by  recent  faultx.  The  variety  of  faulted  struc- 
tures is  evidently  endless,  yet  a  comparatively  simple  scheme  of  treatment 
may  be  adapted  to  all  of  them.  Step-faults  may  be  best  treated  by  giving 
separate  account  of  each  of  their  meipbers.  Renewed  faults  may  involve 
several  successive  interruptions  of  cycles  of  erosion  instead  of  a  single 
interruption.  Hence  all  that  need  be  done  here  is  to  develop  a  scheme  of 
■  treatment  for  a  few  simple  examples ;  the  scheme  may  afterward  be  modi- 
fied as  needed  for  complex  examples. 

Initial  and  young  Foiius  o\  k.^vlted  Structubes 

Imagine,  then,  a  surface  of  anv  kind — for  example,  a  young  lava  plain, 
A.  figure  I,  or  a  district  of  8ubdue<l  or  old  crystalline  hills,  A,  figure  2, 
or  a  mature,  mountainous  mass  of  defonned  strata,  figure  3.  Let  the 
surface  be  traversed  by  a  fault  of  moderate  displacement,  producing  a 
low  fault  scarp,  B.  For  simplicity  of  introductory  discussion,  let  the 
lower  part  of  the  faulted  mass  remain  for  the  present  in  its  former  atti- 
tude with  respect  to  baselevel,  so  that  erosion  is  revived  only  in  the  up- 
lifted part. 
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In  the  initia)  atage  of  the  new  cycle  thus  iotroduceci  the  physiographic 
account  of  a  fault  should  always  begin  with  the  description  of  the  surface 
previous  to  faulting;  then  proceed  with  a  statement  of  the  aspect,  direc- 
tion, length,  and  altitude  of  the  fault  scarp  (or  "vertical  separation"  of 
(he  two  parts  of  the  prefaulting  surface),  with  special  mention  of  signifi- 
cant local  details^ — for  example,  the  manner  in  which  ridges  and  hills  are 
divided,  valleys  displaced,  and  streams  ponded  or  accelerated,  as  well  as 
of  local  complications  in  the  scarp  caused  by  the  doubling  or  splititing  of 
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the  fissure — or,  in  brief,  the  account  should  state  the  prefaulting  surface 
and  the  effects  of  faulting. 

This  procedure  is  in  accord  with  a  general  principle  of  prime  impor- 
tance in  the  explanatory  description  of  land  forms,  namely,  whenever  a 
movement  of  a  land  mass  enters  into  its  description — ap  In  the  case  of  a 
repionat  uplift,  a  fault,  or  a  coastal  subsidence — the  thing  that  suffered 
the  movement  must  be  described  as  well  as  the  movement  of  the  thing; 
otherwise  the  visible  landscape  as  affected  by  the  movement  can  not  be 
(-(inteived ;  and  the  prefaulting  forms  should  be  described,  by  those  who 
adopt  the  method  of  "structure,  process,  and  slaw,"  in  terms  of  these 
three  factors — that  is,  its  general  structure  should  be  stated,  the  proc- 
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esses  that  have  worked  on  it  should  be  announced  (except  that  if  it  has 
been  worked  on  only  by  the  ordinary  or  "normal"  process  of  weather  and 
water  this  may  be  understood  without  explicit  amiounceraent),  and  the 
stage  reached  by  the  action  of  process  on  structure  should  be  indicated. 
Although  the  principle  here  involved  is  simple  in  essence  and  of  evident 
value,  it  is  very  commonly  neglected.  An  explorer  may  say  that  a  coastal 
district  has  suffered  submergence,  and  yet  fail  to  tell  what  the  form  of 
the  distrii't  was  before  submergence;  thus  he  leaves  his  readers  in  the 
dark  instead  of  enlightening  them  as  to  the  present  coastal  fonuB.  An- 
other explorer  may  say  that  a  district  is  traversed  by  a  recent  fault,  and 
yet  fail  to  tell  what  the  form  of  the  district  was  before  the  fault  took 
place;  his  readers  are  then  left  too  little  informed  and  are  unable  to  con- 
ceive the  landscape  that  the  explorer  has  traversed. 


FiODlB  3.— Young  Faulti  in  a  Mounlalnoat  hiatrlct 

If  the  surface  of  the  lower  mass  is  plain  and  gently  inclined  toward 
the  fault,  the  longitudinal  depression  thus  produced  may  be  called  a  fault 
trough ;  a  stream  consequent  on  the  faulting  will  then  soon  erode  a  fault 
valley.  But  if  the  faulted  surface  is  hilly  or  mountainous,  as  in  Ggures 
2  and  3,  no  continuous  fault  trough  will  be  formed  by  the  faulting,  and 
the  irregular  relief  along  the  scarp  base  will  cause  any  streams  that  may 
flow  for  a  short  distance  along  the  fault  line  to  depart  from  it  sooner  or 
later  and  perhaps  to  leave  it  altogether.. 

If  the  surface  of  the  uplifted  block  is  of  small  relief  and  is  inclined 
by  the  faulting,  new  consequent  streams  may  be  formed  on  it ;  but  this 
can  only  be  the  case  when  the  prefaultlng  slopes  are  weak  and  the  fault- 
ing is  rapid  enough  to  extinguish  the  preexisting  streams.  Xew  conse- 
quent streams  might  be  expected  on  the  inclined  surface  of  the  upfaulte<l 
Tava  plain,  figure  1  B,  but  not  on  the  rolling  or  mountainous  surface  of 
figures  2  and  3.  In  these  two  cases  any  new  slant  given  to  the  upfaulted 
masses  will,  instead  of  developing  new  consequent  streams,  merely  favor 
the  headward  erosion  of  those  whose  slope  is  increased  and  discourage  it 
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Id  the  others,  as  Campbell  has  pointed  out  in  hig  discossion  of  "Drainage 
Modifications  and  their  Interpretation"  CSS). 

The  face  of  an  initial  scarp  is  rapidly  changed  into  a  young  consequent 
scarp  by  the  loss  of  waste,  which  slips,  creeps,  and  washes  down  to  the 
scarp  base,  there  accumulating  in  landslides,  talus  slopes,  and  alluvial 
fans,  which  bury  the  fault  line.  Even  if  a  stream  is  initially  formed 
along  the  fault  line,  as  in  special  cases  above  indicated,  it  is  liable  soon 
to  be  pushed  away  by  the  abundant  down-wash  of  waste  from  the  scarp ; 
bence  if  such  a  stream  afterward  cuts  a  valley,  the  valley  is  not  likely  to 
follow  closely  along  the  fault  line. 

If  faulting  is  soon  renewed,  the  scarp  will  be  refreshed  and  its  base 
kept  close  to  the  fault  line,  as  in  figures  1  C  and  2  C,  although  its  earlier 
exposed  upper  slope  will  have  retreated  somewhat  from  its  initial  posi- 
tion. The  details  shown  in  figure  1  C  are  highly  suggestive  of  a  second 
uplift,  which  took  place  some  time  after  the  first,  for  here  the  face  of  the 
covering  lava  sheet  is  worn  back  to  a  slope,  while  the  face  of  the  under- 
lying weaker  strata  is  ateep.  During  the  retreat  of  a  scarp  it  must  take 
on  details  of  form  appropriate  to  its  structure.  Details  of  this  kind  may 
be  called  subconsequent  if  they  do  not  depart  greatly  from  the  pattern 
of  the  initial  scarp,  or  subsequent  if  they  include  altogether  new  features 
developed  by  the  action  of  erosion  on  inclined  structures  of  strongly  dif- 
ferent resistance.  These  details  are,  however,  not  limited  to  retreating 
fault  scarps;  they  would  be  equally  well  developed  on  the  two  retreating' 
walls  of  a  young  river-cut  valley. 

The  ESSENTIAL  Principle  in  the  phvbiogbaphic  Description  of 
Faults 

It  thus  appears  that  a  physiographic  description  of  a  fault  in  an  early 
stage  of  the  cycle  that  it  has  introduced  should  include  an  account  of  the 
prefaulting  surface  and  of  the  fault  scarp,  as  before  stated,  and  to  these 
two  headings  a  third  should  now  be  added,  under  which  the  features  de- 
veloped after  faulting — that  is,  the  youthful  features  of  the  new  cycle — 
are  described  in  their  systematic  modification  of  the  prefaulting  features. 
Here  again  we  find  application  of  the  same  general  principle  of  explana- 
tory description  that  was  mentioned  above,  but  now  extended  so  as  to 
include  three  terms,  namely,  the  post-movement  features  as  well  as  the 
pre-movement  features  and  those  directly  due  to  the  movement  itself. 

Simple  as  this  extension  of  the  principle  is  and  manifest  as  is  its  value, 
it  is  repeatedly  overlooked.  The  explorer  who  describes  a'coastal  district 
as  having  suifered  submergence  too  commonly  fails  to  tell  what  changes 
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have  taken  place  since  and  on  account  of  submergence,  just  as  he  fails  to 
describe  the  landscape  that  eiisted  before  submergence;  yet  it  is  nearly 
always  the  case  that  along  a  certain  line  of  the  pre- submergence  forms — 
namely,  the  new  Bhoreline— certain  post-submergence  features  in  the 
form  of  bayhead  deltas  and  headland  cliSs  have  been  more  or  less  devel- 
oped. Likewise,  the  explorer  who  describes  a  district  as  traversed  by  a 
fault  ufiually  fails  to  make  esplicit  statement  of  the  changes  that  have 
taken  place  since  and  on  account  of  faulting,  as  well  as  of  the  prefault- 
ing  forma,  in  which  the  pOBt-faulting  changes  have  occurred.  The  estab- 
lishment of  some  systematic  method  for  the  explanatory  description  of 
land  forms  will  go  far  toward  correcting  these  omissions ;  in  my  own  ex- 
perience the  method  of  "structure,  process,  and  stage,"  here  outlined  in 
its  relation  to  forms  developed  on  faulted  structures  as  well  as  on  other 
structures,  has  repeatedly  proved  helpful  in  field  work,  aud  it  is  there- 
fore the  more  confidently  recommended  to  others. 

Examples  op  initial  and  youno  Fault  Scarps 

Various  reports  of  the  United  States  Geological  Survey  on  the  Great 
Basin  province  furnish  us  with  the  best  described  examples  of  initial  and 
young  fault  scarps  in  this  country,  the  initial  scarps  being  in  most  or  all 
eases  the  result  of  renewed  movement  on  earlier  fauHs,  Several  strik- 
ing cases  of  earlier  faults  are  described  by  Russell  ('84,)  in  southern 
Oregon,  where  the  prefaulting  mass  was  a  broad  plain  of  lava  flows  rest- 
ing unconformably  on  a  floor  of  more  or  less  eroded  crystalline  rocki^. 
and  where  a  series  of  north-south  faults  has  broken  the  mass  into  long 
blocks  which  have  suffered  strong  differential  displacement,  the  upraised 
block-edges  being  now  more  or  less  carved  into  mountainous  ridges, 
while  the  relatively  depressed  areas  are  buried  under  plains  of  alluvium. 
Some  of  the  scarps  are  "slightly  scarred  by  erosion ;"  others  are  elabo- 
rately carved,  The  fault  along  the  eastern  base  of  one  of  the  largest 
mountain  blocks  is  about  100  miles  in  length,  "with  a  displacement 
where  the  mountains  are  highest  of  not  less  than  5,000  or  6,000  feet ;" 
and  at  one  point  "there  has  been  a  very  recent  movement  along  the  oM 
fault.  The  irregular  scarp  in  alluvium  formed  by  the  recent  displace- 
ment is  fresh  and  unclothed  with  vegetation,  and  may  be  traced  for  sev- 
eral miles  at  the  immediate  base  of  the  mountains,  defining  the  boundary 
between  swampy  meadows  fon  the  east]  and  solid  rock  [on  the  west). 
The  hade  of  the  recent  fault  is  to  the  eastward  at  a  high  angle,  while  t!ie 
throw,  as  shown  by  the  fresh  scarp,  is  from  30  to  50  feet"  (44.5),  An- 
o*her  line  of  displacement  "is  marked  by  numerous  hot  springs  and  by 
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!reah  fault  ecarps,  from  30  to  50  feet  high,  that  cross  alluvial  cones  and 
cut  embankments  and  terraces"  (449).  Some  of  the  greater  fault  scarps, 
"forming  the  mountain  faces,  are  in  many  instances  nearly  vertical  walls, 
hundreds  of  feet  in  height,  of  such  recent  date  that  they  have  scarcely 
been  notched  by  erosion,  and  have  but  small,  if  any,  alluvial  cones  at 
their  bases"  (436).  No  details  are  given  as  to  the  special  forms  devel- 
oped in  the  more  elaborately  dissected  scarps.  One  of  my  own  papers 
refers  to  part  of  the  same  district  (b.  '03, 164^).  Koto  ('93)  has  de- 
Bcribed  and  figured  an  extraordinary  scarp  in  Japan  produced  by  the 
earthquake  of  1891.  Tarr  and  Martin  ('06)  have  done  the  same  for 
scarps  in  Alaska  produced  by  the  earthquake  of  1809. 

Mature  Forms  on  faulted  Structurks 

In  the  eases  here  figured  the  early  post-faulting  changes  are,  in  figure 
i  D,  chiefly  the  retreat  of  the  scarp  by  weathering  and  the  incipient  dis- 
section of  its  face  by  short,  wet-weather  streams  consequent  on  the  fault- 
ing; or,  in  figure  2  D,  by  the  much  more  rapid  incision  of  the  scarp  face 
by  the  uplifted  streams  that  flow  down  from  it;  in  bath  thess  caaes 
the  burial  of  t!ic  scarp  base  under  alluvium ;  or,  in  a  later  stage  of  figure 
•),  the  concealment  of  parts  of  the  scarp  in  the  alluvial  deposits  of  small 
lakes  ponded  by  the  rise  of  the  uplifted  mass  across  the  valleys  of  pre- 
cxistent  streams  that  flow  toward  the  uplift.  The  later  or  mature  post- 
faulting  changes  will  include  the  further  retreat  of  the  scarp,  and  with 
this  the  development  of  various  details  in  the  scarp  face  by  the  subconae- 
quent  or  subsequent  modification  of  its  initial  form,  as  already  men- 
tioned; also  the  deeper  incision  of  valleys  in  the  uplifted  mass  either  by 
new  consequent  streams  or  by  revived  pre-existent  streams;  but  be  it 
noted  that  the  young  or  submature  valleys  here  referred  to  must  always 
be  described  as  modifying  the  pre-faulting  surface  in  which  they  are  in- 
cised, aa  long  as  the  remnants  of  the  earlier  surface  constitute  a  signifi- 
cant part  of  the  landscape.  The  pre-faulting  surface  must  be  explicitly 
included  to  the  description  of  the  faulted  district  as  long  as  there  are 
any  manifest  signs  of  it.    ' 

It  is  evident  that  as  long  as  waste  is  abundantly  washed  down  from 
Ihe  uplifted  mass  no  continuous  stream  and  valley  are  to  be  expected 
along  the  fault  line,  even  in  the  more  advanced  stages  of  the  new  cycle, 
unless  highly  specialized  initial  conditions  have  favored  their  develop- 
ment; and  as  such  specialized  conditions  must  be  rare,  the  occurrence  of 
consequent  streams  and  valleys  along  fault  lines  in  a  Vimtlifnl  or  nialurc 
stage  of  the  cycle  intro<luced  by  the  faulting  must  also  be  rare.    Hence, 
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when  a  Btream  valley  is  found  to  follow  a  fault  line,  it  probably  has  s;n)i(' 
other  than  a  consequent  origin. 

In  examples  of  faults  of  moderate  slip  that  traverse  uniform  ur 
massive  structures  at  such  a  stage  of  th?  pre-faultin(r  cycle  as  pemiit> 
medium  or  strong  relief,  the  post-faulting  erosion  may  obliterate  the 
fault  scarp  long  before  the  relief  is  subtlued  or  reduced  to  small  mea.iurc ; 
but  where  rocks  of  different  kinds  are  brought  together,  the  fault  will 
long  be  marked  by  a  change  of  form  following  the  fault  line  Ion;;  afli-r 
the  pre-fauiting  surface  is  worn  away.  If  this  change  of  form  is  a  sIoih", 
niore  or  less  perfectly  graded,  descending  to  the  relatively  depressed  sidi', 
it  may  be  called  a  resequeut  scarp;  if  it  descends  toward  the  relatively 
uplifted  side,  as  must  be  the  case  when  weaker  rocks  occur  on  that  nide. 
it  may  be  called  an  obsequent  scarp,  these  terms  being  further  explained 
below.  If  the  fault  lias  produced  a  belt  of  breccia,  it  may  be  followed 
by  a  subsequent  ravine,  which  will  often  have  a  peculiar  appearance  from 
pitching  obliquely  down  the  slope  that  it  dissects :  this  topic  also  will  b ' 
further  discussed  below. 

Phtsiooraphic  Evidence  of  Faultino 

Let  a  special  case  now  be  considered,  in  which  the  lower  side  of  a 
faulted  mass  suffers  depression,  while  the  upper  mass  suffent  elevation. 
As  a  result  the  waste  washed  down  from  the  uplifted  mass  will  tend  to 
accumulate  heavily  on  the  depressed  mass ;  at  first  only  near  the  base  of 
the  fault  scarp;  later  on,  advancing  farther  and  farther  from  it  anil,  if 
the  relief  of  the  depressed  block  be  small,  burying  its  surface  more  and 
more  completely.  In  such  cases  the  evidence  of  faulting  will  not  b? 
found  in  the  relative  displacement  of  corresponding  structures  on  the 
two  sides  of  the  fault  line,  for  all  outcrops  on  the  lower  side  will  Ik' 
buried,  possibly  for  miles  away.  The  existence  of  the  fault  at  this  early 
stage  is  inferred  simply  from  the  form  of  the  scarp  by  geologists  and 
geographers  alike.  As  long  as  the  scarp  which  limits  the  higher  mass  is 
strong  and  little  dissected,  the  exiwtfnce  of  a  fault  would  probably  be  ac- 
cepted on  this  evidence  by  geologists  as  well  as  by  physiographers;  but 
as  dissection  progresses  and  the  continuity  of  the  scarp  is  more  maturelv 
interrupted,  the  evidence  of  faulting  is  less  immediately  apparent;  tho 
occurrence  of  a  fault  may  indeed  then  be  doubted  by  geologists  who  give 
little  attention  to  the  evidence  presented  by  land  forms  and  who  depend 
instead  wholly  on  displaced  structures;  hence  the  physiographic  features 
which  demonstrate  faulting  in  a  dissected  fault  scarp  that  rises  from  a 
waste-covered  lowland  deserve  special  attention. 


Digitized  bvGoOgIc 


PHYStOGllAPHlC  EVIDENCE  OF  FAULTING  199 

The  incision  of  the  initial  scarp  by  ravines,  which  increase  in  depth  as 
the  scarp  is  increased  in  altitude  by  repeated  faulting,  will  in  time  de- 
stroy its  continuity,  and  when  the  total  uplift  has  reached  a  thousand 
feet  or  more  nearly  all  the  face  of  the  scarp  will  have  been  consumed 
between  the  slanting  ravine  walls;  but  so  long  as  recent  renewal  of  fault- 
ing holds  the  base  of  the  scarp  close  to  the  fault  line,  the  spurs  into 
H'hich  the  greater  part  of  the  suarp  has  been  transformed  must  terminate 
in  triangular  facets.  The  slanting  surface  of  the  facets,  not  much  worn 
liBck  from  the  fault  surface,  must  truncate  the  structure  of  the  uplifted 
mass  in  such  a  way  that  the  bases  of  all  the  facets  stand  along  a  single 
simple  line. 

As  long  as  such  facets  are  well  defined,  there  need  be  no  doubt  about 
their  marking  a  fault,  even  if  no  rock  outcrops  are  seen  on  its  lower  side. 
The  chain  of  evidence  in  such  a  case  is  indeed  of  the  esBentially  same 
nature  as  that  on  which  geologists  usually  rely  for  the  demonstration  of 
faulting,  although  composed  of  different  links.  The  usual  geological  evi- 
dence of  faulting  is  the  occurrence  of  corresponding  structures  in  dis- 
cordant attitudes  on  the  two  sides  of  a  line;  the  fault  fracture  is  seldom 
^eeu,  unless  revealed  by  mining,  and  the  movement  implied  in  the  term 
fault  is  never  seen.  In  view  of  such  an  occurrence,  a  geologist  would  say : 
"Those  two  corresponding  structures  can  not  have  been  made  independ- 
ently ;  they  must  be  two  parts  of  an  originally  single  mass,  now  fractured 
and  displaced  by  a  fault"  And  this  inference  of  fracturing  and  dis- 
placement in  the  unobservable  past  is  commonly  spoken  of  in  geological 
circles  as  if  it  possessed  the  same  order  of  verity  as  the  directly  observ- 
able occurrence  of  the  two  discontinuous  structures — that  is,  it  is  com- 
monly treated  as  a  "fact." 

The  physiographic  evidence  of  faulting  in  the  case  here  considered  is 
the  occurrence  of  a  highly  specialized  group  of  forms,  namely,  the  ter- 
minal facets  of  a  series  of  spurs,  peculiarly  related  to  each  other  and  to 
the  structures  that  they  truncate.  In  view  of  such  an  occurrence,  a 
physiographer  would  say :  "Those  facets  can  not  be  the  original  termina- 
tion of  the  structures  that  they  now  truncate ;  the  action  of  the  sea  being 
eieluded,  no  process  of  erosion  can  have  worn  back  a  former  greater  ex- 
tension of  the  structural  mass  to  so  systematic  a  tennination  in  trian- 
gular facets  along  a  simple,  non -structural  line ;  hence  the  visible  mass 
must  be  part  of  an  originally  greater  mass,  the  other  part  of  which  has 
been  relatively  faulted  down  out  of  sight."  This  inference  of  fracturing 
and  displacement  is  not  today  universally  spoken  of  in  geological  circles 
»a  if  it  possessed  a  high  degree  of  verity;  but  there  was  once  a  time 
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when  even  the  orthodox  geolc^csl  evideDce  of  faulting,  based  od  displace- 
ment of  corresponding  atructuree,  also  failed  to  command  general  accept- 
ance among  geologists. 

After  faulting  ceases  the  terminal  facets  of  faitlt-scarp  spurs  will  loi^c 
their  sharpness  of  form;  their  edges  will  be  rounded  off,  their  faces  will 
be  worn  back  from  the  fault  line,  and  although  they  uiuy  Dtill  for  a  time 
be  arranged  along  a  comparatively  simple  line  indifferent  to  Ihe  struc- 
ture, the  unequal  retreat  of  spurs  of  different  reaiatance  must  eventually 
bring  about  an  increasing  irregularity  in  their  ending.  If  the  lowland 
forward  from  the  irregularly  retreating  spurs  is  then  atill  covered  with 
transported  waste,  as  frequently  happens,  the  evidence  of  the  fault  will 
weaken,  just  as  the  usual  geological  evidence  of  a  fault  weakens  when  the 
oatcrops  by  which  it  is  ordinarily  proved  are  covered  by  transported  waste. 
But  in  either  case,  if  the  transported  waste  is  removed  and  the  rocks 
or  their  local  soils  are  revealed,  the  evidence  of  faulting  becomes  mani- 
fest by  the  difference  of  soils  on  the  two  sides  of  a  simple  line,  as  in  the 
cases  already  stated  aboTS. 

Examples  of  maturely  dissected  Fadlt  ScABPa 

The  western  face  of  the  Wasatch  range  in  Utah  and  the  eastern  face 
of  the  Sierra  Nevada  in  California  are  regarded  by  various  observers  as 
fault  scarps  of  great  dimensions,  more  or  less  elaborafely  dissected.  The 
latter  example  is  largely  composed  of  massive  crystallines  and,  as  far  as 
it  has  been  described,  does  not  seem  to  present  subsequent  details  due  to 
erosion  guided  by  exposed  structures;  the  former  example  is  largely 
composed  of  disordered  stratified  formations  and  is  marked  throughout 
by  an  abundance  of  subsequent  details.  Gilbert  ( '90,  340-)  has  briefly 
described  the  main  scarp  of  the  Wasatch,  but  has  given  more  attention 
to  the  signs  of  recently  renewed  faulting  along  the  scarp  base.  Hunting- 
ton and  Goldthwait  ( '04,  230)  have  studied  the  southern  part  of  the 
Wasatch  scarp;  and  in  my  own  papers  are  some  details  regarding  its 
middle  part,  which  near  Provo  exhibit  some  well  preserved  terminal 
spur  facets  (b,  '03,  152),  and  near  Xephi  some  striking  subsequent  fea- 
tures oblique  to  the  trend  of  the  scarp  {'06,  21) ;  also  some  account  of 
more  maturely  dissected  scarps  along  the  western  sides  of  the  Canyon 
and  House  ranges  ( '06,  29-,  46-) .  Diller  has  presented  short  statementi 
regarding  the  repeated  scarps  of  the  northern  Sierra  Nevada  ('86, 12), 
and  Russell  ('89,  379)  regarding  the  great  single  scarp  farther  south,  in 
the  neighborhood  of  Mono  lake.  More  recently  Reid  ('11, 114)  has  de- 
scribed strong  scarps  in  the  Lake  Tahoe  district.     Lawson  ( 'IS)   adds 
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iletaiU  regarding  fault  facets  and  recent  acarps  in  the  same  ne^glib^r- 
hood.  Louderback  ('04,)  has  given  a  valuable  acconnt  of  the  Humboldt 
Lake  mountains,  and  Baker  ('12,130)  has  lately  added  a  study  of  Ei 
Paso  range,  both  of  these  being  members  of  the  Great  Basin  system  and 
bjth  pusdessiug  dissected  fault  ficarpif  on  one  side. 

McGee  ('89,  616)  some  years  ago  described  the  snbmaturely  dissected 
scarp  along  the  inner  border  of  the  Atlantic  coastal  plain  in  Maryland. 
Twenhofel  ('12,  20)  has  lately  described  a  strong  scarp  on  the  north- 
western border  of  Newfoundland  as  due  to  faulting  followed  by  a  mod- 
erate amount  of  erosion ;  but  his  account  does  not  exclude  the  explana- 
tion of  this  feature  as  a  resequent  fault-line  scarp,  here  set  forth  in  a 
later  paragraph. 

The  broad  valley,  or  graben,  of  the  middle  Rhine  is  inclosed  by  maturely 
dissected  ecarps.  The  one  on  the  east,  forming  the  western  face  of  the 
Odenwald  and  Schwarzwald,  is  comparatively  simple;  the  western  side 
of  the  graben,  where  it  forms  the  eastern  slope  of  the  Vosges,  is  a  com- 
|x>und  scarp,  in  the  sense  of  being  determined  by  several  subparallel  step 
faults.  The  southeastern  scarp  of  the  Erzgebirge  is  of  sim.ilar  origin. 
The  physiographic  description  of  these  dissected  scarps  has  not  been  car- 
ried so  far  as  tbe  study  of  their  geological  structure.  A  maturely  dis- 
sected fault  scarp,  with  a  yoiing  scarp  at  its  base,  forms  the  eastern  s!o)>e 
of  the  Lepini  mountains  south  of  Eome  and  is  described  in  one  of  my 
own  papers  (1900).  A  number  of  submaturely  or  maturely  dissected 
fault  scarps  are  d^cribed  by  Siiasmilch  {'10?3i4)  as  limiting  the  plateau 
blocks  in  the  southern  tableland  of  New  South  Wales.  Bel)  ('09)  and 
Cotton  ( '12,  309)  describe  a  dissected  fault  scarp,  with  well  defined  ter- 
minal spur  facets  along  the  northwest  side  of  Wellington  harbor,  New 
Zealand. 

Nearly  all  these  accounts  of  dissected  fault  scarps  are  wanting  in  de- 
tails as  to  visible  forms;  hence  if  a  scheme  for  the  treatment  of  forms 
developed  on  faulted  structures  were  based  inductively  on  descriptions 
of  actual  examples  now  accessible  in  geographical  and  geological  articles, 
it  would  be  far  from  complete.  On  the  other  hand,  the  details  as  to  dis- 
sected fault  scarp  forms  already  in  hand  suffice  to  warrant  the  establish- 
ment of  certain  general  principles  from  which  various  consequences  may 
be  deduced,  as  above  set  forth ;  and  an  observer  who  has  these  expectable 
consequences  in  mind  will  be  prepared  to  look  keenly  at  the  actual  fea- 
tures of  a  faulted  district,  and  to  make  explicit  mention  of  their  signifi- 
cant details  in  terms  suggested  by  the  deductive  scheme  that  he  has 
adopted.    It  need  hardly  be  said  that  the  scheme  must  never  be  allowed 
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to  become  rigid  and  controlling ;  it  ib  simply  a  means  to  an  end  and  must 
'  be  modified  and  enlarged  as  experience  demands. 

Obsbquent  Ravike  Heads 

In  the  special  cases  of  small  pre-faulting  relief  and  a  tilting  of  the 
uplifted  btocb  liurfat^e  away  from  the  fault,  tlie  initial  crust  of  the  fault 
scarp  will  form  a  new  initial  divide,  as  iu  figure  1  B,  between  the  short, 
steep  face  of  the  scarp  and  the  longer  back  slope  of  the  tilted  block, 
except  where  antecedent  streams  maintain  their  courses  across  the  fault 
line.  But  the  divide  must  soon  shift  away  from  its  initial  position  by 
reason  of  the  weathering  and  retreat  of  the  fault  face;  the  initial  divide 
thus  becomes  a  consequent  divide,  figure  1  C.  The  rapid  headward  ero- 
sion of  a  ravine  in  a  retreating  consequent  scarp  face  of  this  kind  will 
lengthen  the  ravine  stream  and  correspondingly  shorten  the  opposing 
back-slope  stream;  hence  the  headward  part  of  such  a  retrogressive  ra- 
vine, figure  1  D,  is  then  of  obsequent  origin.  Whether  any  observer  cares 
to  go  as  far  as  this  in  applying  an  explanatory  terminology  to  forms  thus 
developed  is  not  known ;  but  ravines  of  the  kind  here  indicated  are  de- 
scribed in  Abyssinia  by  Rathjena  ('11,  71). 

StIBSEIjUEKT  fat;lt-line  Valleys 

If  an  example  be  now  considered  in  which  regional  uplift  accompanies 
faulting,  then  the  whole  surface  may  be  more  deeply  dissected  by  its 
streams  and  more  worn  down  by  weathering  and  washing  than  was  poB- 
sible  in  the  cases  thus  far  considered.  In  such  an  example  the  alluvium 
that  at  first  tends  to  accumulate  rapidly  along  the  scarp  base  will  be  re- 
moved as  the  scarp  slowly  retreats,  and  the  fault  line  may  then  be  more 
easily  traced,  at  least  by  difference  of  soils  even  if  there  is  no  difference 
"of  form.  If  the  rocks  on  the  two  sides  of  the  fault  line  are  of  similar 
resistance  and  the  fault  is  a  smooth  and  simple  fissure,  no  valley  need  be 
developed  along  it  even  when  it  is  thus  laid  bore  by  the  removal  of  the 
alluvium  that  for  a  time  covered  it;  but  under  other  conditions  two  new 
features  may  be  developed  as  follows : 

First,  let  it  be  supposed  that  the  fault  is  a  comples  fissure,  along  which 
the  rocks  are  sheared  and  shattered :  then  a  number  of  subsequent  valleys- 
will  be  gradually  excavated  along  the  sheared  zone  by  the  headward  ero- 
sion of  subsequent  branches  of  transverse  streams;  in  time  an  almost 
continuous  depression  may  thus  come  to  follow  the  fault  line,  and  mucii 
of  its  length  may  by  capture  come  to  be  drained  by  the  subsequent 
branches  of  a  few  large  transverse  streams.    These  valleys  are  not  due  to 
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the  faultiDg,  and  hence  should  not  be  called  fault  valleys;  they  are  the 
work  of  beadward  erosion  along  the  weak  Btructnres  of  the  fault  line,  and 
hence  ahoald  be  called  Bubaequent  fault-line  valleys. 

Second,  let  it  be  supposed  that  the  rocks  that  are  brought  together  at 
the  base  of  the  fault  scarp  are  of  strikingly  diiferent  resistance,  and  let 
those  in  the  uplifted  mass  be  the  weaker,  as  might  be  the  case  in  figure  1, 
if  we  suppose  that  the  lava  sheet  which  there  formed  the  pre-faultiug 
surface  lies  on  weak  borizoutal  strata,  such  as  the  sands  or  clays  of  a 
coastal  plain  or  of  an  aggraded  interior  basin.  As  the  fault  ecarp  retreats, 
the  weak  strata  beneath  the  capping  lava  sheet  will  be  exposed  along  a 
belt,  figure  1  E,  between  the  fault-line  boundary  of  the  lava  sheet  in  the 
leae  uplifted  mass  and  the  base  of  the  talus  below  the  retreating  lava  cliff 
in  the  more  uplifted  mass;  a  broad  subsequent  valley  will  be  rajiidly 
excavated  along  this  belt  in  the  manner  above  indicated  for  subsequent 
fault-line  valleys.  In  all  such  cases  the  height  of  the  retreating  con- 
sequent scarp  above  the  valley  on  the  uplifted  side  will  be  now  measured 
by  the  height  of  the  fault  plus  the  depth  of  the  valley;  and  the  lower 
scarp  opposite  to  it,  retreating  slowly  in  figure  1  E  because  the  weak 
strata  are  little  or  not  at  all  exposed  beneath  the  lava,  will  face  the  up- 
lifted block.  Thus  two  conditions,  neither  one  very  complicated,  are 
deduced  which  must  lead  to  the  development  of  valleys  along  fault  linen ; 
but  the  valleys  are  in  both  cases  not  consequent  hut  subsequent  valleys. 

Obskqdent  pattlt-wnb  Soarpb 

Id  figure  1,  after  the  retreat  of  the  heightened  consequent  fault  scarp  in 
the  uplifted  block,  accelerated  by  the  sapping  of  the  weak  basal  strata,  has 
gone  so  far  as  to  transform  the  subsequent  fault-line  valley  into  a  wide- 
open  lowland,  the  features  of  old  age  are  soon  locally  developed  because 
of  the  weakness  of  the  rocks  on  which  the  erosive  processes  there  work; 
the  other  scarp  in  the  lower-lying  block  may  still  lie  close  to  the  fault 
line  because  its  retreat  is  slow.  As  this  scarp  is  produced  by  erosion- 
along  the  fault  line  and  not  by  the  original  faulting,  and  as  it  has  an 
aspect  opposite  to  that  of  the  initial  fault  scarp,  it  may  be  called  an  obse- 
quent  fault-line  scarp.  Other  examples  showing  variations  on  this  type 
will  be  further  considered  below. 

Old  FoEHa  on  faulted  STHUCTtmEa 

In  the  later  stages  of  a  cycle  introduced  by  a  fault  all  the  forms  of 
relief  will  be  subdued  to  mild  expression,  and  eventually  an  old  lowland 
of  erosion — a  peneplain  or  plain,  figures  1  P  and  8  F — will  stretch  across 
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t|ie  whole  district.  If  subsequent  streamB  were  developed  along  the  fault 
line  in  the  maturity  of  the  cycle,  they  may  now  wander  away  from  it  in 
unrestrained  meanders.  The  fault  will  then  have  lost  all  it«  topographic' 
value,  though  it  may  still  be  visible  in  a  difference  of  soils  on  its  two 
sides.  Henoe  the  scarp  of  a  physiographically  "old"  fault  has  uot  only 
retreated  from  the  fault  line,  but  has  been  topographically  obliterated ; 
yet  the  fault,  geologically  considered,  still  remains  unchanged.  Its  slip, 
strike,  hade,  and  other  elements  are  not  altered,  although  its  physio- 
graphic expression  has  passed  from  its  initial  stage  through  all  its  se- 
quential stages  in  the  cycle  of  erosion  introduced  by  the  faulting  to  its 
ultimate  disappearance.  Evidently,  then,  the  physiographic  treatment 
of  faults  must  be  very  different  from  their  geological  treatment. 

During  all  the  late  stages  of  the  cycle,  after  the  pre-faulting  forms 
have  been  destroyed,  there  is  no  longer  any  need  or  indeed  any  possi- 
bility of  saying  anything  about  them ;  they  have  vanished.  Xor  is  the 
slip  of  the  fault  or  the  height  of  the  initial  scarp  at  this  time  of  physio- 
graphic importance.  Here  and  there  some  gentle  fault-line  slopes,  main- 
tained on  resistant  rocks,  bordering  or  inclosing  &  broadly  opened  fault- 
tine  depression,  may  survive;  but  eventually  only  the  location  and  direc- 
tion of  the  fault  line  as  a  limit  between  unlike  soils  need  be  noted  in  4 
physiographic  description. 

Here  we  find  a  further  application  of  the  general  principles  of  physio- 
graphic description,  to  which  attention  has  already  been  drawn.  At  the 
beginning  of  a  cycle  introduced  by  faulting,  the  pre-faulting  forms  and 
the  fault  forms  must  be  described ;  in  the  early  and  mature  stages  of  the 
cycle  the  post-faulting  forms  must  be  added ;  now,  in  the  late  stages  of 
the  cycle,  the  two  first  elements  may  be  passed  in  silence,  for  nothing  is 
known  of  them;  the  post-faulting  forms  everywhere  prevail  and  these 
alone  need  mention.  The  fault  is  topographically  obliterated,  and  is  of 
value  physiographically  only  in  delimiting  different  soil  areas,  yet  it  ia 
geologically  of  the  same  value  as  when  it  was  first  produced. 

Transvehbe  Faults  in  uonoci-inal  Stbuctuhes 

A  case  of  special  interest  is  furnished  by  monoclinal  structures  of  alter- 
nating strong  and  weak  strata,  which  before  faulting  have  been  reduced 
to  rather  small  relief,  so  as  to  present  a  series  of  low,  rectilinear,  subse- 
quent ridges  and  valleys.  Assume  that  the  monoclinal  dip  is  20°  to  the 
northwest,  and  that  the  district  is  then  broken  by  a  transverse  fault,  with 
vertical  uplift  on  the  northeast,  as  in  figure  4  A.  The  initial  position  of 
the  ridges  and  valleys  in  the  uplifted  block  will  be  changed  only  in  Blti- 
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tude,  but  not  in  latitude  or  longitude.  The  linear  continuity  of  the 
ridges  and  vaileyB  will  not  at  first  be  affected  in  plan;  but  as  the  new 
cycle  advanees,  the  ridges  and  valleys  in  the  uplifted  block  will  be  shifted 
down  the  dip  of  their  determining  strata  (except  that  under  special  con- 
ditions of  small  dip  and  moderate  contrast  of  resistance  a  strong  subse- 
quent stream  may  cut  down  its  new  valley  vertically,  and  thus  come  to 
be  structurally  superposed  in  a.  resistant  stratiim),  and  near  the  close  of 
the  cycle  all  the  members  on  one  side  of  the  fault  line  will  be  laterally 
displaced,  or  "offset,"  from  their  fellows  on  the  other  side,  as  in  figure 
4  B,  thus  giving  the  effect  of  a  fault  of  horizontal  slip.  Sometimes  the 
offset  may  bring  the  halves  of  different  ridges  together;  the  fault  line 


between  them  may  then  be  marked  by  a  mere  notch  or  by  a  transverse 
valley.  More  frequently  the  offset  will  result  in  a  haphazard  opposition 
of  a  longitudinal  valley  to  a  truncated  ridge.  Special  features  will  be 
determined  by  the  angle  between  the  strike  of  the  monocline  and  of  the 
fault  line,  which  I  have  elsewhere  treated  ('89,  '98). 

SBCOND-CYCLB   FoBMS  OS  PADLTBD   SthDCTUHES 

Now  suppose  another  cycle  of  erosion  to  be  introduced  by  a  broad  up- 
lift of  the  whole  region  without  renewal  of  faulting.  This  may  happen 
at  any  stage  of  the  interrupted  cycle,  but  we  will  here  consider  only  in- 
terruptions that  occur  near  the  end  of  the  cycle  that  they  interrupt. 
The  streams  of  the  region  will  be  revived  by  the  new  uplift.  The  shat- 
tered rocks  of  any  shear  zone  and  the  areas  where  weak  rocks  are  exposed 
will  waste  away  rapidly  and  will  soon  be  reduced  to  new  valleys  and  low- 
lands; the  harder  parts  of  the  broadly  uplifted  area  will  for  a  time  retain 
nearly  the  altitude  of  uplift  except  where  cut  down  by  streams.    In  other 
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•vords,  the  weak  parts  grow  old  rapidly,  while  the  resietant  parts  pass 
throu^  their  cycle  of  development  slowly;  hence  in  a  carefully  stated 
descriptioD  terms  indicative  of  age  must  be  separately  applied  to  areas 
of  different  resistance.  This  ie  the  converse  of  another  principle,  namely, 
that  strong  agents  of  erosion,  like  large  rivers  and  strong  sea  waves,  run 
through  their  cycle  of  form  development  rapidly,  while  weak  agents,  like 
weathering,  ad^-ance  slowly ;  hence  the  valleye  of  large  rivers  will  reach 
late  maturity  or  old  age  while  the  surface  of  neighboring  interfluves  are 
still  young  or  submature. 

If  it  happens  that  the  rocks  on  one  side  of  the  fault  are  resistant  and 
on  the  other  side  weak,  a  scarp  will  be  developed  along  the  fault  line  on 
the  side  where  the  resistant  rocks  retain  young  or  submature  forms,  and 
this  scarp  will  face  the  wom-down  area,  where  the  weak  rocks  are  al- 
ready subdued  or  old.  The  aspect  of  such  a  scarp  is  evidently  inde- 
pendent of  whether  the  resistant  rocks  are  in  the  block  of  relative  uplift 
or  depression.  If  the  newly  developed  scarp  faces  tlie  originally  uplifted 
mass,  as  in  figure  I  ti,  it  may  be  called  an  obsequent  fault-line  scarp,  as 
already  defined ;  if  it  faces  the  originally  depressed  mass  it  may  be  called 
a  resequent  fault-line  scarp,  because  it  again  faces  in  the  direction  of 
the  original  scarp.  Both  kinds  of  fault-line  scarps  are  drawn  in  figure 
3  G.  In  the  case  of  a  faulted  monocline,  as  drawn  in  figure  4  B,  obse- 
quent and  resequent  ridge-end  scarps  will  alternate,  right  and  left,  along 
the  fault  line. 

The  distinction  between  fault  scarps  and  fault-line  scarps,  in  the  man- 
ner here  proposed,  is  not  simply  an  academic  question  of  systematic 
nomenclature.  If  a  fault-line  scarp  is  taken  for  a  fault  scarp,  various 
erroneous  inferences  will  follow;  for  example,  the  date  of  faulting  will 
in  such  a  case  be  inferred  to  be  only  long  enough  ago  to  permit  tlie  ob- 
served dissection  of  the  scarp ;  while  if  properly  interpreted  the  date  of 
faulting  would  be  at  any  period  prior  to  the  erosion  of  the  preceding 
cycle,  and  hence  possibly  much  more  ancient  than  at  first  supposed.  Far- 
ther, the  height  of  a  young  or  submature  fault  scarp  is  a  fair  measure  of 
the  faulting,  while  the  height  of  a  fault-line  scarp  has  no  close  relation 
to  the  faulting;  it  is  dependent  simply  on  the  depth  to  which  renewed 
erosion  has  brought  about  a  different  altitude  on  the  two  sides  of  the 
fault  line;  hence  if  a  fault-line  scarp  is  mistaken  for  a  fault  scarp,  the 
height  of  the  scarp  may  be  mistaken  for  the  vertical  separation  produced 
by  faulting,  thus  giving  incorrect  measure  of  the  original  separation. 
In  an  early  stage  of  the  new  cycle  the  fault-line  scarp  will  be  highest 
near  the  incised  valleys  of  transverse  streams,  and  it  may  remain  for  a 
time  undeveloped  on  the  interfluves;  a  variation  of  scarp  height  thus 
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systematically  connected  with  surface  streams  must  evidently  be  due  to 
stream  action  and  not  to  the  original  movement  of  the  fault.  Further, 
it  should  be  noted  that  in  an  advanced  stage  of  second-cycle  erosion  on 
a  mass  of  complicated  structure,  newly  developed  fault-line  scarps  must 
be  discoutinuously  developed,  according  to  the  opportunity  that  the 
weaker  structures  offer;  they  must  always  rise  on  the  side  of  the  more 
resistant  rocks  and  overlook  the  area  of  weaker  rocks ;  they  must  there- 
fore here  be  of  resequent,  there  of  obsequeot  aspect,  as  in  the  cases  of 
figures  8  G  and  4  B,  above  referred  to.  Evidently  bo  systematic  a  rela- 
tion of  acaip  aspect  to  rock  resistance  must  be  the  result  of  erosion,  not 
of  faultiug;  hence  if  a  fault-line  scarp  were  mistaken  for  a  fault  scarp, 
the  uplift  might  be  thought  to  be  on  the  wrong  aide  of  the  fault  line. 

In  a  second  cycle,  fault-line  valleys  will  be  developed  by  the  action 
cither  of  revived  consequent  streams  or  of  subsequent  streams  working 
along  the  shattered  zone  of  a  fault  bordered  on  both  sides  by  rocks  of 
significant  resistance.  Thus  we  see  once  more  that,  as  far  as  valley.'' 
following  fault  lines  are  concerned,  they  may  be  developed  either  by 
revived  or  by  new  subsequent  streams  in  a  second  cycle,  succeeding  any 
advanced  stage  of  the  cycle  introduced  by  faulting.  If  the  rare  occur- 
rence of  consequent  fault  valleys  as  above  set  forth  is' now  recalled,  it 
will  fl))pear  that  most  valleys  associated  with  faults  are  likely  to  be  of 
subsequent  origin.  They  are  not  due  directly  to  faulting  alone,  but  to 
erosion  working  on  a  faulted  structure.  They  are  not  initiated  by  the 
riuiltihg  movement,  but  first  take  the  form  of  vallej's  long  after  the  fault- 
ing has  ceased.  Hence  they  should  be  called  by  some  special  same,  such 
lis  faiilt-Hne  valleys,  as  here  suggested,  and  the  term  fault  valleys  should 
lie  limilcd  to  valleys  produced  by  erosion  closely  consequent  on  faulting. 

Fault-line  scarps  in  the  early  stages  of  a  second  cycle  following  an 
ndvftiKKrtl  stage  of  a  previous  cycle,  and  traversing  a  district  of  gently 
inclined  strong  and  weak  strata,  will  be  associated  with  a  peculiar  and 
significant  arrangement  of  ridges  or  of  cuestas  that  deserves  special  men- 
I  ion.  The  advanced  erosion  of  the  first  cycle  will  have  resulted  in  pro- 
iliicing  offsets  in  corresponding  ridges  or  cuestas,  so  that  their  ends  will 
nhiit  against  the  fault  line  some  distance  apart,  as  in  figure  4  B.  If  old 
iigc  be  reached,  the  soil  belts  will  be  offset  along  the  fault  line.  When 
renewed  erosion  of  the  weaker  strata  in  the  second  cycle,  introduced  by 
uplift  without  renewed  faulting,  develops  discontinuous  fault-line  scarps 
close  along  the  fault  line,  their  small  retreat  might  he  taken — especially 
by  observers  who  are  not  critical  in  distinsuishinp  fault-line  scarps  from 
fault  scarps — to  mean  that  the  fault  is  of  recent  date;  but  the  strong  ofT- 
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BeU  of  the  corresponding  ridges  or  cueatas  will  contradict  this  view  and 
prove  that  the  scarps  are  due  to  erosion  after  renewed  uplift  of  a  faulted 
and  previously  worn-down  structure,  and  not  directly  to  faulting.  If  the 
scarps  were  due  to  recent  faulting,  the  correBpoudiug  cuestaa  ought  still 
tiy  stand  nearly  opposite  each  other  ou  the  two  sides  of  the  fault  line. 
But  this  interpretation  of  the  case  has  a  geological  flavor,  in  that  it  turns 
the  attention  chiefly  to  a  succession  of  past  events.  A  more  geographical 
interpretation  is  reached  when  the  mere  mention  of  scarps  in  such  a 
structure  as  fault-line  scarps,  either  resequent  or  obsequent,  at  onw 
awakens  attention  to  the  probable  strong  offset  of  corresponding  reliefs 
on  the  opposite  sides  of  the  fault  line. 

As  long  as  any  significant  traces  of  the  forms  developed  in  a  first  cycle 
are  not  obliterated  by  the  erosion  of  a  second  cycle,  they  deserve  explicit 
description  in  a  physiographic  discussion,  following  the  general  prin- 
ciple above  stated  ;  and  their  description  should  introduce,  in  any  fitting 
order,  a  sufficient  account  of  the  faulted  structure  on  which  the  forms  of 
the  previous  cycle  were  developed,  the  processes  that  developed  them,  and 
the  stage  of  development  that  they  had  reached  when  further  progress  was 
interrupted  by  uplift ;  then  the  effect  or  amount  of  the  uplift  should  be  ■ 
stated,  and  finally  the  forms  developed  in  the  new  cycle  should  be  intro- 
duced in  their  proper  relation  to  the  surviving  forms  of  the  previous 
cycle.  The  omission  of  any  one  of  these  factors  will  leave  the  reader  in 
doubt  as  to  what  the  writer  has  seen. 

With  the  advance  of  the  new  cycle  even  the  hard-rock  uplands  will  in 
time  be  maturely  dissected,  then  subdued,  and  at  last  worn  down  to  small 
relief  in  advancing  old  age;  with  these  changes  the  newly  developed 
scarps  will  retreat  and  lake  on  details  of  form  according  to  the  Btructure>> 
revealed  in  them,  after  the  fashion  of  retreating  escarpments  of  what- 
ever origin;  thus  the  fault  will  again  be  topographically  obliterated  in 
the  resulting  lowland.  The  forms  of  earlier  cycle  thus  lose  their  impor- 
tance and  do  not  need  mention  after  the  maturity  of  the  new  cycle. 
Eventually  the  uplands,  hills,  and  scarps  must  all  fade  away,  and  a  wide- 
spread lowland,  figures  1  H  and  2  H,  will  stretch  across  the  region. 
Then  or  at  any  earlier  stage  uplift  without  faulting  may  again  occur 
and  the  systematic  series  of  changes  will  be  begun  over  again;  yet  dur- 
ing all  these  physiographic  transformations  the  fault  is,  geologically 
speaking,  a  constant  quantity.  Or  renewed  faulting  and  differential  up- 
lift may  take  place  along  the  former  fault  line,  and  thus  introduce  more 
comples  problems.  Examples  of  this  kind  have  been  described  by  Hunt- 
ington and  Goldthwait  ('04,825)  and  by  D.  W.  Johnson  (■09,151). 
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Most  faulted  structures  are  today  probably  in  a  later  cycle  of  erosion 
ihau  the  one  introduced  by  the  faulting.  Hence  although  the  space  here 
devoted  to  the  forma  developed  in  later  cycles  is  less  than  that  given  to 
the  fonns  of  the  cycle  introduced  by  faulting,  the  use  of  the  terms  chiefly  ■ 
associated  with  later  cycles,  such  as  obsequent  and  resequent  fault-line 
warps  and  subsequent  fault-line  valleys,  ought  probably  to  be  more  fre- 
quent than  that  of  terms  associated  with  the  cycle  of  faulting,  such  as 
fault  valleys,  consequent  scarps,  and  so  on. 

KSAHPLES  OF   BECOND-CTCLE   FOKMS  ON    FAULTED    StHUCTCREB 

An  admirable  e^iample  of  a  submaturely  dissected  resequent  fault  scarp 
is  found  where  westward  ascent  is  made  from  the  broad  plains  of  the 
Limagne  to  the  crystalline  highlands  of  Auvergne  in  central  France. 
The  scarp  might  well  be  taken,  at  first  sight,  to  be  consequent  on  fault- 
ing; but  a  study  of  the  lava-flows  that  cross  it  and  their  relation  to  the 
lacustrine  strata  that  once  filled  the  Limagne  graben  will  prove  its  rese- 
quent origin.  An  equally  good  example  is  found  in  the  western  part  of 
the  same  crystalline  highland,  known  as  the  Limousin,  where  it  sud- 
denly descends  southwestward  into  the  basin  of  Brives,  that  has  been 
excavated  on  weak  strata  which  were  brought  down  against  the  crystal- 
lines by  strong  faulting,  as  described  by  Demangeon  ('10).  A  third 
example,  this  time  of  a  maturely  dissected  obsequent  scarp,  is  found  in 
the  ascent  on  the  northeast  side  of  the  excavated  subsequent  depression 
in  northwest  France,  known  as  the  Pays  de  Bray,  of  which  the  geological 
history  has  been  studied  out  by  Lapparent  ('79,113-).  The  renewed 
erosion  in  the  second  and  third  of  these  examples  followed  a  late  stage 
of  an  earlier  cycle  at  the  beginning  of  or  before  which  the  faulting  took 
place, 

A  remarkable  group  of  escarpments  following  a  series  of  east-west  faults 
occurs  in  central  Sweden  and  is  finely  represented  on  the  1 :  100,000  map 
of  that  country,  sheets  56,  56,  65,  66,  13,  74,  These  escarpments  have 
been  regarded  as  what  are  here  called  submature  consequent  fault  scarps 
by  Gunnar  Anderson  ('03,27-49)  and  S.  De  Geer  ('10,34),  but  are  to 
my  view  ('12,169)  better  explained  as  aubmature  resequent  fault-line 
warps  developed  in  a  second  cycle,  following  the  old  age  of  a  previous 
cycle :  many  subsequent  fault-line  valleys  are  associated  with  them.  On 
the  other  hand,  Brogger  ('86)  has  described  some  mature  scarps  in  the 
rhristiania  district  which  face  the  uplifted  side  of  their  fault-lines  and 
which  would  therefore  here  be  called  obsequent.  They  are  probably  due 
to  erosion  in  a  later  cycle  of  erosion  than  the  one  introduced  by  faulting. 
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In  Scotland  the  abrupt  southward  descent  from  the  crystalline  highlands 
to  the  worn-down  stratified  rocka  of  the  central  lowlands  ia  made  by  what 
seems  to  be  a  maturely  dissected  and  strongly  glaciated  resequent  fault- 
line  Bcarp,  developed  in  a  second  cycle  by  renewed  croaion  on  a  previously 
faulted  and  subdued  mass.  The  long  scarp  on  the  northwest  side  of 
Newfoundland,  above  mentioned  as  thought  by  Twenhofel  to  be  a  fault- 
scarp,  is  possibly — or  prohably^ — a  fault-line  scarp. 

Heveral  submature  resequent  fault-line  scarps  with  eastward  aspect  are 
crossed  by  the  Mohawk  valley  in  east«m  New  York,  and  have  received 
general  study  from  Darton  ("96).  The  scarp  at  Little  Falls  baa  been 
described  in  detail  by  Gushing  ( '05,  71—) ;  others  of  diverse  aspect  far- 
ther east  near  Saratoga  by  Miller  ('11,  38-),  A  long  and  strong 
resequent  scarp,  with  southeastward  aspect,  forms  the  border  of  the 
crystalline  highlands  toward  the  red  sandstone  lowlands  in  northern 
New  Jersey;  it  is  described  by  Kiimmel  {'98, 110)  as  a  geological  bound- 
ary rather  than  as  a  topographical  feature.  The  eastern  border  of  the 
Connecticut  valley  lowlands  in  Connecticut  and  Massachusetts  is  a  wesl- 
facing  scarp  of  the  same  nature,  but  more  irregular  in  plan ;  it  was 
worked  out  by  Griswold  and  is  described  in  my  report  on  the  Triassic 
formation  of  that  district  {'98, 132) ;  the  trap  ridges  of  the  same  low- 
land in  Connecticut  are  repeatedly  terminated  by  oblique  resequent  or 
obsequent  fault-line  scarps,  often  too  young  fo  have  their  slopes  com- 
pletely graded,  while  in  the  alresdy  old,  worn-down  areas  of  weak  sand- 
stones the  same  faults  are  nearly  or  wholly  obliterated  ( '89,  68 ;  '98,  S9). 
A  remarkably  good  example  of  a  maturely  dissected  obsequent  scarp,  now 
worn  a  mile  or  more  back  from  its  fault  line,  runs  transverse  to  the 
dominating  structural  trends  across  the  boundary  between  the  Appala- 
chian ridges  and  the  Cumberland  plateau  in  northern  Tennessee;  it  is 
well  represented  on  the  Briceville  folio  of  the  United  States  Geological 
Survey.  Several  other  obsequent- fault-line  scarps  have  lately  been  de- 
scribed by  Paige  for  central  Texas  in  the  Llano-Burnet  folio.  Subse- 
quent fault-line  valleys  and  obliterated  fault  scarps  are  repeatedly  illus- 
trated in  the  Appalachians  of  Virginia  and  Tennessee. 

The  Hurricane  ledge  in  the  plateaus  of  northern  Arizona  north  of 
the  Colorado  canyon  is  an  exceptionally  fine  young,  west-facing  rese- 
quent fault-line  scarp ;  it  was  described  as  a  young  fault  scarp  by  Dntton 
{'86,118-),  but  its  resequent  nature  seems  to  be  well  establidied  by  a 
lava  flow  that  T  found  in  1902  to  lie  across  the  line  of  the  obliterated 
scarp  of  first  faulting,  protecting  a  local  area  of  weak  clays  which  have 
elsewhere  been  worn  away  on  the  west  of  the  fault  line,  leaving  the  re- 
sistant limestones  in  bold  relief  on  the  east  side  (a,  '03,  26-;  '12, 171). 
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A  neighboring  fault,  studied  by  D.  W.  Johnson  ('09, 148)  and  myself 
('01,  148),  was  found  to  be  topographically  obliterated  for  much  of  ita 
length,  but  it  appears  locally  in  obsequent  and  resequent  ecarps  trans- 
Tersely  truncating  several  cuesta-like  benches  in  the  northward  ascent 
from  the  Arizona  plateaus  to  the  High  plateaus  of  Utah. 

There  can  be  little  question  that  the  recognition  of  the  possible  origin 
of  scarps  along  fault  lines  by  erosion  (fault-line  scarps)  as  well  as  of 
scarps  by  faulting  (fault  scarps)  aids  the  determination  of  the  class  to 
which  a  scarp  belongs.  The  possession  of  an  elaborated  mental  equip- 
ment, including  a  good  variety  of  type  forms  associated  with  faulted 
structures,  facilitates  the  detection  of  corresponding  actual  forms  in  the 
field.  The  cases  here  considered,  therefore,  have  a  practical  value  as 
part  of  the  mental  outfit  of  every  observant  student  of  land  forms. 

An  iHAOiNARY  Example 

It  is  probably  because  of  the  unchauging  constancy  of  the  geological 
elements  of  a  fault  that  many  descriptions  of  faulted  districts  made  by 
geological  explorers  are  physiographic  ally  so  unsatisfying.  Indeed,  one 
sometimes  reads  even  in  geographical  journals  apd  under  headings  that 
indicate  the  intention  of  the  writer,  whether  he  be  a  geologist  or  geog- 
rapher, to  produce  a  description  of  a  landscape  that  he  has  traversed, 
such  a  statement  as  the  following:  An  important  fault,  with  a  displace- 
ment of  about  a  thousand  feet,  here  brings  Archean  rooks  and  Triaasic 
beds  against  late  Cretaceous  strata.  The  failure  to  mention  the  strike  of 
the  fault  and  the  side  of  relative  uplift  is  unsatisfactory  even  from  a 
geological  standpoint,  although  the  Introduction  of  such  terms  as  Ar- 
chean, Triassic,  and  Cretaceous  may  give  a  geological  reader  some  conco- 
lation  for  other  shortcomings.  But  the  geographer  la  left  entirely  adrift 
by  such  a  description,  particularly  if  it  is  not  accompanied  by  an  appro- 
priate map  or  diagram ;  he  can  form  no  definite  mental  picture  of  the 
landscape  seen  by  the  writer.  The  age  of  the  faulted  beds  is  of  no  use  to 
him,  althou^  it  is  unfortunately  becoming  habitual,  especially  in  Ger- 
many, to  overload  geographical  descriptions  with  terms  expressive  of 
geological  dates.  Such  terms  are,  of  course,  of  value  in  themselves ;  they 
are  useful  in  various  scientific  relations;  they  are  essential  in  a  geo- 
logical history  of  a  district ;  but,  let  it  be  repeated,  they  give  no  aid  in 
forming  a  mental  picture  of  surface  forms ;  hence  they  are  of  no  value  in 
a  purely  geographical  description.  What  a  geographical  reader  does  need 
to  know  as  to  the  rocks,  in  such  an  instance  as  is  here  considered,  is  not 
the  ancient  date  of  their  formation,  but  their  present  composition,  atfi- 
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tude,  and  relative  resistance ;  and  as  to  the  fault,  tlie  stage  of  erosion 
that  lias  been  reached  with  respect  to  it  in  whatever  cycles  of  erosion  that 
have  left  visible  traces;  also  whetlier  the  fault  line  is  marked  by  scarps 
or  valleys,  and  if  so  of  what  kind,  and  so  on.  A  more  satisfying  physio- 
graphic description  of  the  district  here  imagined  might  therefore  bi' 
phrased  as  follows: 

All  important  fault  line,  trending  about  northeast-southwest,  sepa- 
ratee a  northwestern  body  of  mftseive  crystalline  rocks,  evenly  covered 
by  an  alternating  series  of  hard  red  sandstones  and  weak  shales,  dip- 
ping southwestward  about  30°,  from  a  southeastern  body  of  younger, 


nearly  horizontal,  weak,  gray  sandstones  and  marls.  The  rolling  upland:: 
of  crystalline  rocks  in  the  northwestern  part  of  the  district  are  irregu- 
larly dissected  by  rather  elose-spacfd,  early  mature  valleys,  of  which  the 
larger  ones,  250  or  300  feet  in  depth,  trend  southwestward  as  if  erodcti 
by  superposed  streams  that  were  originally  consequent  on  a  former  sand- 
stone cover,  while  the  smaller  ones  are  for  the  most  part  of  inseqiieut 
habit.  The  red  sandstone  ridges  rise  200  or  300  feet  over  the  broad,  latf 
mature  subsequent  valleys  that  follow  the  intercalated  shale  belts;  here 
the  drainage  is  well  adjusted  to  the  structure.  The  gently  rolling  surface 
of. the  crystalline  uplands  and  the  even  crestltnea  of  the  sandstone  ri«Ipi^, 
taken  with  the  equable  altitude  of  two  east-west  dikes,  one  of  which 
crosses  the  fault  line,  suggest  that,  since  the  tilting  and  faulting,  the 
wh-ile  district  has  been  eroded  to  a  peneplain,  again  bnadly  uplifted  sev- 
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eral  hundred  feet  without  faulting,  and  thereupon  again  eroded;  the 
northwestern  district  being  now  in  early  or  late  mature  stages  of  the 
cycle  thuB  introduced,  while  all  the  southeastern  district  of  weaker  sand- 
stones has  reached  a  late  mature  or  almost  old  stage,  as  indicated  by  its 
low,  subdued  hills,  separated  by  broad-floored,  wide-spaoed,  shallow  val- 
leys of  typically  insequent  pattern ;  and  the  fault  boundary  between  the 
two  districts  being  marked  by  a  dissected  resequent  fault-line  scarp  along 
the  border  of  the  crystalline  uplands  and  by  a  series  of  resequent  fault- 
line  scarps  facing  southeast  and  obliquely  truncating  the  sandstone 
ridges ;  but  the  fault  is  topographically  obliterated  where  the  subsequent 
sliale  valleys  open  on  the  southeastern  lowland.  If  such  a  description  be 
accompanied  by  a  diagram,  like  ligiire  5,  the  essential  features  of  the  dis- 
trict concerned  may  be  easily  conceived. 

The  essence  of  this  imagined  physiographic  description  is  that  it  at- 
tempts to  introduce  everything  that  is  relevant  and  nothing  that  is  irrele- 
vant to  a  clear  comprehension  of  the  surface  features  in  the  district  con- 
cerned. The  names  of  geological  formations  are  intentionally  omitted, 
because  they  do  not  aid  in  conceiving  the  visible  landst^ape;  but  if  the 
physiographical  description  were  intended  as  an  introduction  to  a  geo- 
logical report,  geological  formation  names  might,  of  course,  be  men- 
tioned at  the  outset.  The  attitude  of  the  strata,  often  regarded  as  a 
purely  geological  matter  by  geographers  of  the  empirical  school,  is  really 
a  very  serviceable  physiographic  factor,  because  it  enables  the  reader 
easily  to  conceive  certain  systematically  associated  features  which  would 
otherwise  have  to  be  described  one  by  one.  The  fault,  the  two  cycles  of 
erosion  that  have  followed  if,  and  the  uplift  without  faulting  that  sepa- 
rated them  are  all  manifestly  of  service  in  leading  the  reader  to  picture 
what  the  writer  has  seen;  but  these  factors,  like  all  others  relating  to 
past  conditions  and  events,  are  not  introduced  with  the  object  of  narrat- 
ing the  history  of  the  district — that  would  be  pure  geology — but  with  the 
object  of  setting  forth  its  present  form,  and  that  is  proper  physiography. 


FORUS    PRODUCED    ON    FAULTED    STRUCTURES    BY    OTHER    THAN    NORMAL 

PnOCESSES 

All  the  foregoing  discussion  has  been  under  the  postulated  action  of 
normal  erosional  processes — that  is,  weather  and  running  water.  The 
other  chief  processes — solvpnt  action  of  water,  waves  and  currents,  gla- 
ciers, and  wind — also  deserve  treatment  in  their  proper  place;  but  such 
treatment  may  for  tlie  present  be  postponed  until  more  examples  of 
faulted  structures  acted  on  by  these  various  processes  ctrae  to  be  known. 
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One  might  easily  deduce,  from  what  is  already  understood  of  the  action 
of  sea  vavea  on  coasts  of  ditferent  kinds,  a  series  of  ideal  types  dependent 
on  faulted  coastal  stmcturea — for  example,  the  development  of  faul:- 
line  chasms  by  the  attack  of.  the  sea  on  the  weak  breccia  of  a  sheareil 
fault ;  or  the  more  rapid  advance  of  the  marine  cycle  on  a  body  of  weak 
rocks  alongside  of  its  less  rapid  advance  on  a  neighboring  body  of  hard 
rocks,  the  two  rock  masses  having  been  brought  together  by  a  fault,  re- 
duced to  subdued  forms,  and  then  submitted  to  marine  action  by  depres- 
sion. Similarly,  a  valley  glacier,  while  actively  overdeepening  its  trough, 
might  develop  a  more  or  less  abrupt  step  in  the  trough  floor  on  passing 
across  a  fault  from  a  resistant  to  a  weak  rock  body ;  or  a  basin,  on  pars- 
ing from  a  weak  to  a  resistant  rock  body;  likewise,  the  trough  wails 
might  be  well  smoothed  or  matured  in  less  reBistant  rocks,  while  they 
still  retained  ragged  or  youthful  features  in  more  resistant  rocks,  as  ap- 
pears to  me  to  be  the  case  in  certain  glaciated  troughs  of  the  Snowdon 
district  in  Wales,  although  the  juxtaposition  of  the  two  rock  masses  was 
not,  as  far  as  I  know,  in  that  case  brought  about  by  faulting.  The  fuller 
discussion  of  these  and  many  other  examples  may  wait  till  it  is  want«rl. 
In  all  these  cases  the  object  in  view  and  the  principles  to  be  observed 
in  reaching  it  remain  the  same.  The  object  is  the  explanatory  descrip- 
tion of  the  visible  landscape  as  directly  as  possible,  with  no  more  of  past 
geological  history  than  is  helpful  in  attaining  this  object.  The  principles 
already  illustrated  regarding  the  description  of  the  pre-faulting  forms, 
of  the  direct  effects  of  faulting,  and  of  the  post-faulting  forms  may  be 
expanded  so  as  to  include  the  description  of  forms  developed  under  the 
action  of  different  processes,  as  has  already  been  implied  in  the  mention 
of  coastal  forms  in  earlier  paragraphs.  For  example,  when  one  process  is 
replaced  by  another,  the  description  of  the  resulting  forms  should  in- 
clude the  forms  reached  under  the  first  process  at  the  time  of  change, 
then  the  change  of  process,  and  lastly  the  forms  developed  by  the  new 
process  as  modifications  of  the  previous  forms.  In  brief:  here,  as  in  nil 
other  cases,  let  the  physiographer  gnawer  the  question,  "What  does  it 
look  like?"  in  terms  of  the  visible  products  of  the  work  of  processes  on 
structures,  and  his  work  will  be  accomplished. 

Dbfinitiokb  of  Terms  used  in  describing  Forms  on  faoltep 

Structures 

It  may  now  be  better  understood  than  at  the  beginninir  of  this  paper 
why  the  nomenclature  of  surface'  forms  produced  by  the  erosion  of  faulted 
structures — that  is,  the  physiographic  nomenclature  of  faults — was  not 
introduced  by  definitions  of  a  jfeometrical  kind.    Such  definitions  might 
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be  framed,  but  they  would  not  meet  the  object  desired,  which  is  to  de- 
xnbe  the  fault  fonns  in  their  natural  association  with  neighboring 
forms,  all  treated  in  relation  to  the  stage  of  their  development  in  one  or 
more  cycles  of  erosion,  following  some  appropriate  ajid  systematic  scheme 
uf  general  application,  the  scheme  here  adopted  being  that  of  "structure, 
process,  and  stage."  Jt  ie  impossible  to  apprehend  this  manner  of  de- 
scribing fault  forms  merely  from  deiinitionx  of  temia ;  but  after  the 
manner  of  description  has  been  learned,  as  from  the  foregoing  discussion, 
it  would  be  an  easy  matter  to  define  all  the  terms  regarding  such  forms 
in  compact  statements,  which  might  be  easily  carried  in  mind  after  their 
useful  meaning  has  been  apprehended.  Any  one  may  make  these  defini- 
tions if  he  wishes  to.  I  have  refrained  from  ao  doing,  even  at  the  end  of 
this  eseay,  for  fear  that  some  readers  might  use  the  definitions  as  a  short 
cut  to  ft  supposed  understanding  of  the  problems  involved,  and  thus  place 
the  cart  before  the  horse,  the  terms  before  tlieir  need  and  their  meaning. 
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Intboddotion 

The  maximum  amount  of  deformation  and  direction  of  the  post- 
glacial earth-movements  was  first  discussed  by  me  in  a  memoir  entitled 
"The  Iroquois  Beach:  a  chapter  in  the  geological  history  of  Lake  On- 
tario." *    In  this  I  made  the  following  statement : 

"H  tbe  axes  of  maximum  elevation  for  the  various  trlanjles  al>out  Labs 
Ontario  and  GeorKlan  Bay  be  produced,  they  meet  near  latitude  01°  nortb  and 
loDKltude  741^°  west,  a  few  miles  west  of  Lake  Mlataaslnl.  and  east  of  tba 
•aathern  end  of  James  Bay, 

"Altbougli  maiuly  radiating  frDm  the  focos,  tbe  axes  of  maximum  elevntio'i 
tor  tbe  different  triangles  is  not  uniform,  and  are  locally  modlfled.  as  along 
tbe  western  side  of  Lake  Ontario,  where  there  Is  found  a  secondary  ails  of 
uplift  to  tbe  east.  Combining  the  more  western  axes  with  those  of  tbe  easier'i 
end  of  tbe  lake,  another  focus  of  uplift  appears  near  the  'height  of  land'  t)e- 
tween  Lake  Ontario  and  Hudson  Bay.  in  about  latitude  48°  nortb  and  longi- 
tude 70°  west.     From  the  double  foci,  it  may  be  Inferred  tbat  tbe  uplift 

■  Manuscript  recelT«d  b;  Ibe  Secretary  of  the  Society  March  8,  1S13. 
•Trani,  Rojal  eoclet;  of  Caaads,  vol.  vll.  sec.  It.  p.  129;  read  Hs;  6.  1880.    8«c  alio 
Joanul  of  O«o]o|7.  toI.  iIi.  ISll.  pp.  QT-SO. 
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reacbed  Its  maximum  along  a  line  JolDlng  the  foci,  or  tbat  tbe  axis  of  tbe 
uiaximam  regioiial  uplift  ivas  meridional  and  located  along  the  eastern  end  of 
Lake  Ontario,  Increasing  In  amount  until  near  'the  height  of  land,'  and  thence 
A-ltb  a  dlmlnlabing  ratio,  or  even  depression,  toward  tbe  north.  Still  It  la 
burdly  probable  that  the  increasing  ratio  is  constant,  as  tbere  are  local  trana- 
veree  folds  on  both  aides  of  tbe  Ontario  basin.  At  any  rate,  tt  Is  In  tlw  region 
»)UtbeflBt  of  Janiea  Bay  that  tbe  iiiuxlumm  differential  elevation  of  tbe  earth'fi 
crust,  which  Involve  tbe  Iroquois  Be«cb,  Is  to  be  found." 

While  this  was  written  in  the  pioneering  days  of  our  lake  etudies,  it 
has  nevertheless  been  the  key  to  subsequent  researches.  Since  then  Gil- 
bert, De  Geer,  Taylor,  Leverett,  and,  more  completely,  Goldthwait,  have 
shown  the  deformation  by  isobars  in  place  of  my  triangles,  which  last 
method  has  been  used  by  Coleman.  Goldthwait'e  extension  of  tbe  isobars 
westward  to  Lake  Algonquin  is  an  admirable  addition  to  the  subject, 
which  stimulates  further  research.  Each  method  has  its  advantages. 
The  isobars  show  tbe  lines  of  equal  rise,  while  the  triangles  give  the 
mean  rate  of  deformation  in  different  localities,  and  in  addition  they 
BUggest  the  amount  of  change  beyond  the  points  where  measurable  data 
Are  found.  The  deformation  's  uow  determined  eastward  nearly  to  Ijake 
Champlain  and  MontreoL 

Iboquois  Wateb  Xorth  of  the  Adirondacks 

In  my  original  surveys  of  the  Iroquois  Beach,  the  shoreline  was  traced 
to  a  point  4  miles  east  of  Watertown,  T^ew  York,  beyond  which  tbe  beach 
was  interrupted  in  the  broken  country.  To  this  poiut  all  of  my  determi- 
nations  of  elevation  were  made  by  leveling.  To  the  eastward,  fragments 
of  beaches  were  found,  the  elevations  of  which  were  determined  by  the 
aneroid,  as  at  Natural  Bridge,  Pitcairn,  and  Fine.  Althoagh  their  posi- 
tions appeared  rather  high,  I  regarded  them  as  the  equivalent  of  tbe 
Iroquois  shore,  thus  making  the  eastern  rise  seem  excessive;  but  they 
indicated  open  water  north  of  the  Adirondacks.  This  was  one  of  the 
features  which  caused  me  to  oppose  the  hypothesis  of  glacial  dams.  Such 
dams  had  been  located  by  the  advocates  of  the  hypothesis  at  Cleveland, 
Adams  Center,  and  Crittenden,  but  the  further  survey  of  the  beaches 
showed  that  they  continued  beyond  these  points,  which  thus  cast  addi- 
tional doubt  on  the  theory.  Another  objection  was  presented  by  the  fact 
that  glacial  lakes  would  not  remain  long  at  one  level,  with  the  water  of 
large  streams  flowing  across  ice-barriers;  but  this  objection  has  been 
partly  orercome  by  the  finding  of  other  epillways  passing  through  rock 
or  earth-bound  channels  in  place  of  across  icy  barriers. 
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Although  the  beaches  had  been  found  east  of  Watertowu,  as  at  Pitcairn, 
Professor  Fairchild  drew  a  glacial  dam,  as  presented  on  his  map,*  h^t 
orer  them,  but  later  be  has  abandoned  this  theory,  and  finds  that  the 
Iioquoie  Beach  continues  farther  eastward.*  Thus  he  confirms  my  early 
hypothesis  of  open  water  north  of  the  Adirondacks,  although  one  time  I 
regarded  it  as  marine. 

On  personally  making  the  investigation  of  the  Mohawk  outlet  of  Lake 
Iroquoifl,  the  terraces  were  observed  higher  than  its  water  plane.  This 
fact  threw  a  new  light  on  the  shorelines  north  of  the  Adirondacks,  and 
seemed  to  justify  the  correlation  of  the  beaches  and  terraces  occurring 
there  with  those  of  the  Mohawk,  as  well  as  indicating  that  there  were 
also  lower  ones  corresponding  to  the  Iroquois  level.  I  then  zigzagged  at 
proper  elevations  and  found  the  repetition  of  the  terraces  or  beaches  ex- 
tending to  the  northeastern  angle  of  the  Adirondacks  plateau.  The 
marine  deposits  were  also  studied.  All  the  measurements  bearing  on  the 
deformation  have  been  triangulated,  with  the  resnlts  that  shorelines  of 
the  region  of  northern  New  York  and  beyond  the  Saint  Lawrence  are 
now  explainable  in  a  manner  not  previously  understood. 

iBogooiB  Shore  and  hioher  Tebraceb  in  thb  Mohaws  Yallet 

Sontheut  of  Lake  Ontario,  the  Iroquois  Beach  sweeps  around  an  em- 
baymeot  now  well  known  as  the  Borne  outlet  of  Lake  Iroquois.  An  out- 
let of  the  Ontario  basin  along  this  route  was  mentioned  by  Professor 
Newberry*  as  early  as  1871,  if*  not  before.  This  was  long  prior  to  the 
first  investigation  of  Lake  Iroquois. 

At  Borne  the  embajrment  is  2  or  3  miles  wide,  with  the  floor  covered 
by  the  delta  deposits  brought  down  by  the  Upper  Mohawk.  This  gradu- 
ally narrows  to  a  valley,  which  is  still  a  mile  wide  at  Herkimer,  37  miles 
distant  in  a  direct  line,  and  12  miles  south  of  the  latitude  of  Borne.  Six 
miles  farther  east,  at  Little  Falls,  the  valley  contracts  to  little  more  than 
a  quarter  of  a  mile,  and  here  the  river  passes  through  a  rock-walled 
channel;  but  a  mile  and  a  half  below  the  valley  abruptly  broadens  out. 
At  Little  Palls  the  rapids  descend  40  feet  over  an  ancient  rocky  divide 
between  two  preglacial  valleys,  now  deeply  filled  with  drift,  including 
interglacial  clays,  which  are  covered  with  the  shore  and  delta  deposits  of 
Lake  Iroquois.  The  modem  Mohawk  Biver,  below  Bome,  appears  to  be 
flowing  contrariwise  to  the  direction  of  the  ancient  rock-bound  valley, 
bat  in  doing  so  it  is  simply  coursing  its  way  over  the  plains  and  delta 


h  Ann.  Kept.  Bute  GeoloilcBl  Survey  of  Nev  York.  1902. 

•  New  York  State  UaHnm  Bnlletln  No.  ISS.  1612.  pp.  SS-3S. 

•  OcolofT  of  Ohio,  18T1. 
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accumulatiouB  of  tbts  eastern  arm  of  Lake  Iroquois.  These  have  an  ele- 
vation of  44S  feet  above  sealevel  at  Kome  and  406  feet  at  Herkimer  and 
at  Mohawk,  with  remnaDtB  of  the  same  gravel  deposits  at  Little  Falls, 
which  is  nearly  in  the  same  latitude.  Theee  observations  furnish  data 
for  determining  the  earth -movements  farther  southeastward,  showing 
that  this  locality  is  beyond  the  axia  of  poetglaciel  elevation,  and  tlm: 
the  apparent  warping  here  is  downward. 

A  higher  terrace  of  the  Mohawk  is  of  great  importance.  East  of  Her- 
kimer the  front  of  this  gravel  deposit,  resting  on  clay,  rises  some  90  to 
110  feet  above  the  Iroquois  plane.  A  similar  elevation  of  the  terrace  is 
repeated  some  4  miles  north  of  Home  and  elsewhere.  This  higher  water 
plane  is  older  than  that  of  Lake  Iroquois,  and  requires  further  investiga- 
tion, but  it  throws  suggestions  on  the  shorelines  north  of  the  Adiron- 
dacks. 

North  of  the  Mohawk  Valley  other  terraces  occur  at  still  higher  eleva- 
tions. Thus  one  of  great  magnitude  may  be  seen  northwest  of  Trenton 
Falls,  on  the  road  to  Prospect,  at  260  feet  above  the  broad  valley,  or  be- 
tween 1,010  and  1,030  feet  above  tide,  with  the  plains  at  Prospect  at 
1,170  feet.  These  all  face  the  south,  showing  open  water  in  that  direc- 
tion; but  only  the  lower  terraces  need  to  be  mentioned  here. 

Peatdhes  of  the  (.'ounthy  North  op  the  Adirondacks 

The  ancieut  preglacial  surface  of  the  couiitrv,  descending  some  2,000 
feet  northward  from  the  Adirondack  plateau,  was  deeply  dissected  by 
broad  valleys,  now  covered  with  a  mantle  of  drift,  yet  these  have  still  a 
depth  of  from  fiO  to  300  feet.  In  them  terraces,  deltas,  and  broad  plains 
of  sand  and  gravel  occur,  both  near  the  levels  of  the  streams  and  at 
higher  elevations.  Consequently  all  the  old  shorelines  north  of  the  Adi- 
rondacks  have  been  much  interrupted  by  the  former  estuaries,  so  that  the 
observation  must  now  be  made,  sometimes  on  the  beach  ridges  or  again 
on  the  corresponding  terraces  or  deltas.  Generally  there  are  no  topo- 
graphic maps  of  this  region  to  give  even  imperfect  assistance  in  follow- 
ing the  shorelines  which  rise  from  one  contour  to  another.  Such  fea- 
tures make  the  identification  of  a  particular  strand  somewhat  difficult, 
unless  continuously  followed  and  the  elevations  determined  by  the  spirit- 
level.  This  method  was  uf^ed  by  me  to  a  point  4  miles  east  of  Watertown, 
while  beyond  the  measurements  were  by  aneroid.  This  instrument  origi- 
nally indicated  that  the  beach  near  Stirling  Bush  was  too  low,  which  led 
to  the  finding  of  the  higher  strands  at  Natural  Bridge  and  at  Fine, 
which  are  now  seen  to  be  above  the  Iroquois  plane,  while  the  measure- 
ments of  the  corresponding  ridge  road  at  Pitcairn  was  excessive  in  hei^t 
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In  hie  recent  report,"  Prof.  H.  L.  Fairchild  has  extended  my  inveeti- 
gatioufl  beyond  Watertown,  but  he  gives  only  one  observed  measarement 
(at  Parishville)  on  the  Iroquois  Beach  within  a  distance  of  125  miles, 
although  the  features  of  the  country  are  so  very  complex.  At  this  one 
point  we  agree  in  recogoizing  the  Iroquois  plane,  but  not  in  its  occur- 
rence at  Covey  Hill,  as  will  be  shown. 

Tbunoclation  07  Easth-uotements  becobded  in  the  Beaches 

The  location  of  the  Iroquois  Beach  is  now  well  known  to  a  point  east 
of  Watertown,  and  its  elevation  at  several  points  suitable  for  triangula- 
tion  measurements  is  given  in  the  following  table ;  also  the  approximate 
location  of  the  same  beach  northeast  of  Watertown  is  indicated  as  far  as 
Covey  Hill,  at  the  northeast  angle  of  the  Adirondack  plateau.  East  of 
Parishville  the  general  course  of  the  beach  is  in  a  direct  line  approxi- 
mately east-northeast,  so  that  beyond  this  point  its  direction  does  not 
permit  of  triangulation  measurements. 

The  elevation  of  the  Iroquois  Beach  at  or  near  places  mentioned  is 
given  in  feet  above  eealevel,  so  that  the  earth-movements  can  be  deter- 
mined from  them.  When  not  otherwise  stated,  my  elevations  were  deter- 
mined by  the  spirit-level. 

Table  of  BlevalUma 

Hamlltoa i363  (Spencer). 

Scarboro 466  ( Spencer) , 

Colbome SOS  (SpencOT). 

TrMton ess  (Spencer). 

Lewlaton 381  (Spencer). 

Rochester,  West  of 436  (Palrchlld). 

Sodas 466  (Fairchild). 

Borne 446  (railway). 

Herkimer 406  (railway). 

Little  Falls.  Near 400  (barometer). 

Blcbland 663  (Gilbert). 

Adams  Center 667  (Gilbert). 

Watertown TSO  (Spencer). 

Stirling  BuBb,  North  of 770  (barometer). 

Bast  Pltcalm 832  (barometer). 

Sontb  Edwards,  gravel  terrace 800  (barometer). 

Sliver  Creek,  Near 866  (barometer). 

Parishville WW  (railway).' 

Halone,  East  of 980  (barometer).  ' 

Covey  Hill  (upper  lake) 910  (barometer,  close  reading). 


*  New  JMk  iiata  UuMum  BnlltUn  No.  168,  1012,  pp.  S2-86. 
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Height  of  Atgonquin  Beach  Southea»t  of  Lake  Huron 

Grand  Bend W2  (Spencer). 

Soutbampton 714  (Spencer). 

Weybrlttee 842  (Spencer). 

Holland  Landing T52  (Goldthwalt). 

Htwedale 891  (Goldthwalt). 

Klrhfleld 876  (Spencer). 

In  the  foUowing  trianglee  the  mean  direction  and  rat«  of  deformation 
in  feet  per  mile  have  been  calculated  to  be : 

1.  Hamilton,  Lewlaton,  Scarboro 2  feet,  N.  22°  R. 

2.  Lewiston,  Rocbester,  Colbome,  Ontario 2.5  "  N.  IT  B. 

3.  Rocbester,  Sodus,  Trenton 3,«  "  N.  10'  B. 

4.  SodDB,  Rome,  Blcbland 5  "  N.    4°  B. 

5.  Rome,  Herktmer,  RIcbland 4.6  "  N. 

6.  SoduB,  Herktmer,  Watertown 5.6  "  N.    2°  E. 

7.  Richland  nortb  toward  Watertown 6  "  N. 

8.  Adams  Center  north  toward  Watertown 6  "  N. 

9.  Rome,  Herkimer,  Watertown 5.1  "  N.    2° 

10.  Rome.  Wtatertown.  ParUhvllle B.B  "  N.  22''  W. 

11.  Rome.  Herkimer.  Parlsbvllle 4.4  "  N. 

12.  RIcbland.  Watertown,  Parlehrllle fi  "  N.  23*  W. 

13.  Grand  Bend,  Soutbampton,  and  RoBedale 1.3  "  N.  36°  E. 

14.  Holland  Landing,  Wjrebrldge.  and  Rosedale 3.4  "  N.  23°  B. 

15.  Bradford.  Owen   Sound.   Wyebrldge 3.1  "  N.  27°  B. 

la  Adjacent  to  KlrkTtlie. 5  "  N. 

By  plotting  these  lines  of  direction  on  the  map,  those  drawn  from  the 
lowest  points  of  the  triangles  converge  to  a  focus  near  latitude  49°  north, 
longitude  76°  west,  while  those  drawn  from  the  more  eastern  points  of 
the  triangle  will  be  seen  to  converge  at  points  beyond  the  first  focus,  as 
far  as  latitude  50°  30',  longitude  76°  west.  These  points  are,  conse- 
quently, the  foci  of  maximum  uplifts  as  determined  more  than  twenty 
years  ago. 

It  is  intereeting  to  find  that  certain  physiographic  features  confirm 
these  computations,  for  near  this  dome  rivers  are  found  radiating  in 
different  directions  in  conformity  with  the  hypothesis.  Thus  we  find  the 
source  of  the  Ottawa  River  is  near  one  of  the  foci,  from  which  it  flows 
westward  for  nearly  200  miles  parallel  to  the  "height  of  land"  before 
turning  southward,  as  shown  on  the  map.  The  Gatineau  and  Saint 
Maurice  rivers  flow  southward  from  the  same  district,  while  the  upper 
waters  of  the  Chamouchouan  flow  northeastward  from  the  same  region, 

'  520  tcet.  tccordlDS  to  Falrcblld. 
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parallel  to  the  "height  of  land"  for  GO  milee,  before  turning  southward 
to  Lake  Saint  John. 

The  defonnation  extending  to  the  "height  of  land"  is  farther  shown 
by  the  Montreal  Riwr,  flowing  60  miles  northward,  before  being  turned 
abruptly  southward  (Bell). 

By  referring  to  the  map,  it  is  seen  that  the  axis  of  the  Laureiitian 
Mountain  plateau,  after  trending  southwestward  from  Labrador,  turns 
abruptly  westwani,  and  farther  on  again  bends  to  the  northeastward. 
Thus  the  region  of  the  greatest  deformation  coincides  with  the  most 
southern  lobe  of  the  Laurentian  plateau. 

From  the  data  given  in  my  Niagara  book  and  earlier  papers,  it  will  be 
seen  that  there  is  very  little  deformation  about  the  head  of  Lake  Eri«. 
This  increases,  so  that  the  rise  about  the  head  of  Lake  Ontario  is  2  feet 
per  mile  in  direction  north  SS"  east.  Beyond  the  outlet  of  Lake  Ontario 
the  eastern  equivalent  in  the  rise  disappears,  but,  as  in  the  Mohawk  Val- 
ley, the  tilting  is  3  or  4  feet  per  mile  in  a  northward  direction.  This  in- 
creases to  6  or  6  feet  per  mile  on  proceeding  toward  the  Saint  Lawrence 
Rivet. 

Passing  this  meridian  (longitude  76°  west)  of  exclosive  northward 
deformation,  the  direction  of  the  warping  is  north  33°  west,  reaching  6 
feet  per  mile,  as  in  triangle  number  12,  which  extends  to  Parishville. 
Consequently  the  isobar  of  this  elevation  trends  north  67°  east.  The 
isobars  of  any  height  can  be  located  in  the  various  triangles  by  drawing 
lines  through  the  points  of  equal  deformation  at  right  angle  to  the  direc- 
tion of  mean  rise  in  each  triangle. 

The  direction  of  the  earth-movements  is  thus  seen  to  bend,  after  pass- 
ing Watertown.  in  conformity  with  the  change  in  the  course  of  the 
"height  of  land,"  east  of  the  76th  meridian.  This  observation  is  farther 
shown  in  the  next  paragraph. 

Iroqdoib  Plane  in  tke  Rboion  op  Cotbt  Hill 

If  the  isobar  of  Parishville  (903  feet)  be  produced,  its  course  of  north 
67°  east  passes  4  or  5  miles  south  of  the  delta  or  plain  (at  930  feet, 
barometer,  above  tide)  east  of  Malone.  The  continuation  of  this  line 
passes  Covey  Hill,  where  Woodworth  and  myself  noticed  the  remains  of 
an  old  water  level  at  about  900  feet. 

But  the  most  important  feature  about  Covey  Hill  is  located  on  its 
eastern  side,  known  as  the  "Gulf."  This  is  a  narrow,  deep  gorge,  a  few 
hundred  yards  in  length,  situated  in  an  outer  canyon  over  a  mile  long, 
with  a  pond  at  its  head,  at  an  elevation  of  916  feet.    This  corresponds  to 
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the  level  of  the  Iroquois  Beach  farther  west.  The  floor  of  this  outer 
valley  reprcBents  a  baselevel  of  considerable  duration,  perhaps  equal  to 
that  of  the  Iroquois  Beach,  with  which  it  may  be  correlated  until  more 
complete  surveys  have  been  made.  It  is  the  strougest  evidence  of  a  long- 
i-ontinued  water  level  near  this  elevation.  It  is  about  100  feet  below  the 
ilepression  across  Covey  Hill,  wliich  has  been  regarded  as  the  spillway 
of  a  glacial  lake,  or  approsimately  the  difference  between  the  higher  ter- 
races and  the  Iroquois  level,  occurring  in  the  Mohawk  Valley  and  also 
north  of  the  Adirondacks,  If  this  be  the  correct  interpretation,  as  I  be- 
lieve, it  is  confirmatory  of  my  suspicion,  as  expressed  in  my  last  year's 
paper,*  that  the  spillway  across  (!ovey  Hill  belongs  to  a  water  leTel  an- 
terior to  that  of  Lake  Iroquois. 

The  extension  of  the  Iroquois  plane  to  the  northeastern  angle  of  the 
Adirondacks  hi^lands  indicates  that  the  isobars  have  the  direction  of 
north  67°  eaat,  or  that  the  riBe  of  the  land  is  in  a  direction  of  north  33° 
west.  It  has  already  been  shown  (from  triangle  12)  that  the  deforma- 
tion crossing  this  isobar  westward  of  Parishville  reaches  6  feet  per  mile. 

There  is  no  reason  to  suppose  that  the  rate  of  deformation  at  right 
angles  to  this  isobar  differs  greatly  in  the  vicinity  of  Covey  Hill  from 
that  which  obtains  farther  west.  However,  the  rate  of  tilting  to  the 
southward  naturally  diminishes,  as  in  the  region  of  the  Mohawk  Valley ; 
and  indeed,  in  proceeding  southward  along  Ijake  Champlain,  Professor 
Woodworth  found  such  to  be  the  case,  as  shown  in  his  excellent  memoir.' 

Dbporuation  observed  in  the  marine  Beds  at  Montreal 

Above  the  marine  terraces  at  Montreal  other  beds  containing  S<iricafa 
rugota,  Macotna  grceniandira,  etcetera,  occur  at  elevations  of  536  and  B60 
feet  above  sealevel.  Again,  in  the  angle  of  the  river  eaat  of  Mooers 
Forks,  marine  deposits  were  found  by  Doctor  Woodworth  at  340  feet 
above  sealevel.  The  deposits  of  both  localities  are  familiar  to  me.  Their 
ilistaDce  apart  is  38  miles  in  a  direct  line  nearly  north  and  south.  While 
the  marine  beds  may  have  been  somewhat  higher  in  one  or  both  localities, 
such  have  so  far  not  been  found,  so  that  we  may  measure  the  approxi- 
mate deformation  by  their  differences  of  elevation,  which  is  between  5 
and  6  feet  per  mile.  This  agrees  with  the  tilting  of  5  to  6  feet  per  mile 
seen  farther  west. 

The  warping  of  the  lower  525-foot  beach  at  Covey  Hill  is  reported  (by 
Fairchild'")  to  be  3  feet  per  mile  south  20°  east.  This  is  on  a  shorelim' 
more  recent  than  the  Iroquois,  where  the  (leformation  is  less.    Projecting 

•Bull,  fleol.   Sot  America,   vol.  23.   1912.  pp.  471-47H. 

■  New  York  Bute  Muaeum  Bulletin  No.  84,  cbarl  r.  onp.  p.  S26. 

xlb.,  Bull.  ISS.  191S,  p.  33. 
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this,  the  lower  beach  should  reach  an  altitude  at  Montreal  of  about  646 
feet,  which  is  nearly  100  feet  above  the  marine  depositB  found  there,  with 
no  corresponding  shoreline,  Thia  further  discredits  any  correlation  of 
the  beach  at  the  foot  of  Covey  Hill,  with  marine  deposits  at  Montreal." 

Present  Stability  of  the  Lake  Reoion 

The  measurements  now  obtained  show  that  the  deformation  of  the 
region  between  the  head  of  Lake  Ontario  and  Parishville  amounts  to  540 
feet,  or  680  feet  if  it  be  measured  from  the  head  of  Lake  Erie.  Between 
the  outlet  of  Lake  Huron  and  the  highland,  beyond  the  northeast  angle 
of  Georgian  Bay,  nearly  an  equal  amount  has  been  found.  These  changes 
have  occurred  since  the  birth  of  Niagara  Falls,  which  I  have  computed 
at  39,000  years  ago.  A  rise  of  somewhat  more  than  100  feet  at  the  north- 
east angle  of  Georgian  Bay,  in  excess  of  that  at  the  outlet  of  Lake  Huron, 
occurred  since  3,500  years  ago."  Let  us  see  what  is  the  status  at  the 
present  day. 

The  intake  of  the  Welland  Canal  (Port  Colborne)  is  situated  about 
160  miles  northeast  of  Cleveland,  where  at  both  places  the  daily  fiuctua- 
tions  of  I^ake  Erie  have  been  recorded  for  over  fifty  years.  The  post- 
glacial rise  between  these  points  has  been  130  feet.  As  the  bench-mark^ 
are  permanent,  any  earth-movement  should  have  become  apparent  in  the 
water  level.  I  have  taken  the  mean  levels  of  each  day  for  periods  of  five 
years  with  the  following  results.  For  convenience  in  calculation  the 
water  at  Port  Colborne  was  assumed  to  be  0.33  foot  below  the  Cleveland 
level. 

The  mean  difference  of  level  recorded  gives  the  following  figures; 

Lfvl  at  Port  Colborne  below  thai  at  Cleveland" 

1855-IS50 —.29  foot. 

1860-1863 -h.07    " 


1871-1875.. 
1876-1880. . 

1881-188.'>. . 


1896-iaOO —.29  " 

1901.-1905 —.28  " 

1906-1910 —.24  " 

If)]  1-1912 —.20  '• 

u  Bun.  Oeol.  Soc.  America,  vol.  23.  lOlS. 

"  J.  W,  Bpencer :  Evolution  o(  the  FaUs  ot  NIanra.  elc.  (ieologlMl  Survev  of  Cangda, 
inOT.  p,  876. 
"  lb.,  chapter  31. 
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The  probable  errors  in  observation  might  reach  a.  variation  of  0.05 
foot.  It  will  be  seen  that  there  was  no  difference  of  level  at  the  two 
localities  for  the  quinquennial  periods,  one  ending  with  1859  and  the 
other  with  1900,  or  practically  even  with  1910.  Variations  may  be  seen 
in  the  early  years.  These  would  indicate  a  sinking  at  Port  Colborne 
more  than  at  Cleveland,  and  a  rise  again  to  the  normal  state  if  they 
eould  be  attributed  to  earth-movemeuts.  From  the  full  study  it  is  ap- 
parent that  there  has  been  no  change  of  level  in  57  years,  although  there 
had  been  such  great  deformation  at  an  earlier  date.  The  present  time  is 
one  of  rest,  as  is  a'so  shown  by  Dr.  D.  W.  Johnson's  present  fixity  of  the 
border  of  the  continent,  in  contrast  with  the  recent  great  elevation  dur- 
ing the  time  of  making  the  submarine  canyons,  such  as  those  of  the  ex- 
tended Hudson  River  and  Gulf  of  Saint  Lawrence. 

These  results  disprove  my  original  suggestion  (1894)  that  the  Niagara 
discharge  would  be  turned  into  the  Mississippi  in  the  not  distant  future. 
This  idea  was  expanded  into  a  monograph"  on  earth -movements  by  Dr. 
G.  K.  Gilbert,  who  used  the  fluctuations  of  the  lakes;  but  in  so  doing  he 
took  the  levels  of  a  few  isolated  days,  irregularly  selected.  The  erroneous 
results  derived  therefrom  have  been  widely  quoted,  but  the  table  given 
above  coi^^ains  the  proof  of  the  present  stability  of  the  lake  region." 

Rebclts 

By  triangulating  the  Iroquois,  Algonquin,  and  other  beaches,  the  dome 
of  the  greatest  deformation  of  the  Great  Lake  region  is  found  to  be  situ- 
ated approximately  in  latitude  49°  north,  longitude  76°  west,  whence  it 
extends  to  latitude  50°  30'  north,  longitude  75°  west.  This  is  confirmed 
by  the  course  of  the  drainage  of  the  highlands.  It  is  the  locality  where 
the  "height  of  land"  reaches  its  most  southern  lobe. 

Although  the  Adirondacks  form  an  outlier  of  the  Laurentian  Moun- 
tains, yet  they  have  produced  very  little  effect  on  the  deformation  of  the 
earth's  crust,  as  shown  by  the  raised  beaches.  This  is  seen  on  proceeding 
eastward  from  the  head  of  Lake  Erie,  where  the  old  shorelines  are  still 
almost  horizontal.  At  the  head  of  Lake  Ontario  the  rise  is  2  feet  per 
mile  north  S2°  east;  but  on  approaching  the  76th  meridian  the  eastern 
equivalent  in  the  warping  entirely  disappears,  while  that  in  the  north- 
ward direction  increases  from  3  feet  per  mile  in  the  Mohawk  Valley  to  6 
feet  per  mile  on  nearing  the  Saint  Lawrence  River. 

On  passing  the  76th   meridian  the  direction  of  the  uplift  becomes 

■.  part  II.  1808.  pp.  flOI-fi4T, 
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north-northwest  and  the  zones  of  equal  rise  become  somewhat  parallel  to 
the  direction  of  the  Saint  Lawrence  River,  ae  might  be  expected  from 
the  change  of  coufse  of  the  'Tieight  of  land"  (as  shown  on  the  map),  to 
which  the  isobars  are  parallel  farther  south  west  ward. 

Beyond  the  locality  where  the  beaches  can  be  triangulated,  the  same, 
amount  of  deformation  is  observed  in  the  marine  beds  at  Montreal  and 
those  on  the  northeast  flanks  of  the  Adirondacks  mass.  These  diminish 
in  hei^t  on  proceeding  farther  south,  as  showD  by  Woodworth,  who 
finds  that  they  do  oot  extend  beyond  the  head  of  the  Champlain  Valley. 

The  measured  earth -movements,  aggregating  540  feet  between  the 
head  of  Lake  Ontario  and  Parishville,  have  occurred  since  the  birth  of 
Niagara  Falls — -39,000  years  ago.  Part  of  the  deformation  has  taken 
place  within  3,500  years,  but  for  a  period  of  over  a  half  a  century  we 
have  definite  physical  proof  that  there  have  been  no  earth-movements  in 
the  lake  r 
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NiAGABA    LlMI^BTONE    BaRRIRRB    TO    THE    LAKES 

The  dependence  of  diverse  topographic  forme  on  geological  Btnicture 
is  nowhere  better  illustrated  than  in  our  Great  Lakes.  The  valleys  are 
excavated  in  Bhales,  soft  and  impure  limestones  and  sandstones,  with 
their  development  retarded  by  the  occurrence  of  overlying  beds  of  hard 
rock.  Such  strata,  consisting  of  the  Niagara  limestone,  have  given  rise 
to  the  separation  of  the  basins  of  five  of  the  Great  Lakes,  that  of  Geor- 
gian Bay  being  distinct  from  the  basin  of  Lake  Huron.  This  feature  is 
trne,  althou^  the  lakes  trend  in  every  direction,  as  is  shown  on  the  ac- 
companying map. 

Underlying  the  superficial  drift  the  Niagara  limestone  forms  the  rock- 
floor  of  the  country  for  a  breadth  of  5  or  6  miles  or  perhaps  even  30 
miles.  This  formation  constitutes  a  barrier  to  Lake  Erie,  separates 
Georgian  Bay  from  L^e  Huron,  and  Green  Bay  from  Lake  Michigan, 
and  finally  forms  a  wall  between  the  southeastern  part  of  Lake  Superior 
and  lakes  Michigan  and  Huron. 

In  the  evolution  of  the  valleys  of  the  lakes  the  less  durable  strata  were 
removed  from  a  broad  extent  of  country,  but  the  drainage  from  each  of 
these  was  forced  to  cross  the  hard  barriers,  which  thus  gave  rise  to  their 
relatively  narrow  outlet.  At  the  same  time  this  zone  of  durable  lime- 
stone became  a  more  and  more  prominent  tableland  as  the  valleys  were 
l>eing  more  easily  deepened.    But  the  rains  and  the  small  streams  grad- 

■HanoKrlpI  reeelvpd  by  tbe  Secreiarj-  of  tbe  SMietr  Harcli  3.  1S13. 
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ually  dissected  the  plateau  into  separated  maeees,  Buch  as  those  which 
OD  subsequent  submersioD  now  fonn  the  ielaDd  chain  north  of  Lake 
Huron.  Similar  preglacial  features  occur  elsewhere  now  buried  beneath 
the  mantle  of  drift. 

CONCEKNINO  THE  PREOLACIAL  EbIE   ODTLET 

At  least  three  depressions  below  the  Erie  level  cross  the  Niagara  lime- 
stone belt  between  it  and  Lake  Ontario.  These  have  been  found  by  bor- 
ings. The  deepest  of  them  is  the  Brigan  Channel,  situated  12  to  14  miles 
west  of  Niagara  Falls  (A  on  map).  This  was  the  great  preglacial  out- 
let of  the  upper  valley.  At  its  northern  end  may  be  observed  one  of  the 
deep  indentations  in  the  face  of  the  Niagara  escarpment ;  otherwise  the 
ancient  valley  is  entirely  concealed  by  drift  for  the  remainder  of  the  die- 
tauce  across  the  peninsula  between  the  two  lakes,  but  borings  have  been 
made  for  almost  every  mile  of  the  way.  I  regard  the  discovery  of  this 
channel  with  considerable  pride,  as  exceptionally  complete  results  have 
been  obtained.  These  have  been  described  in  my  book  on  Niagara.^ 
However,  since  its  publication  additional  borings  have  been  made  show- 
ing its  depth;  which  within  the  line  of  the  escarpment  reaches  to  a 
depth  at  least  375  feet  below  the  Erie  level  or  50  feet  beneath  the  surface 
of  Lake  Ontario.  Thia  one  newly  observed  feature  is  worthy  of  record. 
Thus  this  buried  channel  is  sufficiently  deep  to  have  drained  the  Erie 
basin  witbont  adding  to  it  the  effects  of  the  recent  earth-movements. 
These  would  reduce  the  floor  of  the  channel  to  500  feet  below  the  present 
lake  level  at  Cleveland.  Its  breadth  of  a  mile  and  a  quarter  to  2  miles 
is  small  compared  with  that  of  the  lake,  but  this  is  due  to  the  protecting 
effects  of  the  harder  capping  rocks,  while  the  channel  itself  was  largely 
made  by  the  river  flowing  through  it. 

HUHON   AND  GeOBQIA   OuTLBTS 

The  connection  between  the  Huron  and  Erie  basins  is  entirely  modem, 
the  preglacial  outlet  of  the  upper  valley  having  passed  by  way  of  Geor- 
gian Bay  to  that  of  Lake  Ontario  {B  on  map),  through  a  broad  buried 
valley,  whidi  I  discovered  in  1888.'  This  was  excavated  out  of  Hudson 
River  and  Trenton  formations ;  but  the  Huron  drainage  had  also  broken 
across  the  Niagara  belt  (C  on  map).  The  outlet  of  the  Huron  Valley  in 
now  submerged  between  the  Sangeen  Peninsula  and  the  islands,  having  a 
breadth  of  4  miles  for  the  outer  and  2  miles  for  the  inner  channel.  It  is 
cut  through  the  hard  roeka  into  the  softer  strata,  but  here  the  channel  is 
more  or  less  obstructed  by  drift. 
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CoNCBBHIMO  TH&  OnTLBT  OF  LaEE  MiOHIQAN 
The  features  of  the  outlet  of  this  lake  are  eunilar  to  those  of  L^e 
Huron,  juet  meutioued,  except  that  some  higher  Silurian  strata  overlie 
the  Niagara  limestoues,  all  of  which  have  been  penetrated  by  the  chan- 
nel, which  hae  also  been  partly  filled  with  drift  (D  on  map).  The  depth 
of  the  buried  valley  is  further  indicated  by  borings  just  to  the  south  (at 
Cheboygan),  which  reach  to  more  than  a  hundred  feet  below  the  drift- 
covered  floor  of  the  etraitfi.  The  submerged  canyon  of  Grand  Traverse 
Bay,  to  the  southwest,  shows  still  better  the  depth  of  the  preglacial 
channels,  to  over  600  feet  below  lake  level.  Green  Bay  came  very  nearly 
being  a  separate  lake,  due  to  the  same  geological  formations. 

Outlet  of  Lake  Superior 
The  same  belts  of  hard  rocks  separate  Lake  Superior  from  lakes  Michi- 
gan and  Huron.  These  are  penetrated  by  a  channel,  some  two  miles 
wide,  between  Lake  Superior  and  Lake  Huron,  as  shown  at  E  on  the 
map  (Leverett).  Thus  it  is  found  that  even  this  lake  owes  part  of  it^ 
configuration  to  the  Niagara  formation. 

Ontario-Saint  Lawrence  Valley 
The  Saint  Lawrence  Valley  is  only  a  continuation  of  that  of  Lake 
Ontario,  where  the  southern  highlands  bounding  the  ancient  broadened 
channel  still  remains,  although  largely  composed  of  shaly  and  soft  strata. 
Along  one  section  of  the  waterway  these  strata  were  removed,  exposing 
for  a  few  miles  the  underlying  crystalline  rocks.  Among  them,  deep 
channeb  had  early  been  produced.  These  drift-filled  and  do  not  entirely 
form  the  barrier  to  the  lake,  which  is  otherwise  composed  of  the  C'alcifer- 
ouB  formation,  beginning  only  66  miles  below  its  outlet.  Even  here  other 
buried  channels  occur,  so  that  the  rocks  which  give  rise  to  the  rapids  of 
the  Saint  Lawrence  arc  only  spurs  between  the  ancient  courses  of  the 
streams,  now  largely  concealed  beneath  drift 

HESULTe 

ThuB  it  is  shown  that  Superior,  Michigan,  Huron,  and  Erie,  with  their 
diverse  configuration,  owe  the  existence  of  their  separate  basins  largely 
to  the  distribution  of  the  Niagara  limestone  underlaid  by  softer  strata. 
Georgia  and  Ontario  are  due  tb  the  softer  Silurian  and  older  rock  forma- 
tions without  the  presence  of  the  hardest  layers,  so  that  their  outlets  are 
characterized  by  broader  valleys  which  are  also  of  greater  antiquity. 
These  observations  relate  to  the  valleys  of  the  lakes  and  not  simply  to 
their  basins,  which  result  from  the  obstruction  of  the  ancient  outlets  by 
the  accumulation  of  drift  and  by  the  postglacial  deformation  due  to 
earth-movementB. 
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Inthoduction 

Lake  Minuewanka,  or  Devils  Lake,  is  situated  about  9  miles  northeast 
of  Bauff,  in  the  Rocky  Mountains  of  weetern  Alberta.  The  section  was 
made  along  the  northwest  shore  of  the  lake  and  continued  westward 
across  the  Cascade  River. 

The  following  fonnations  are  included : 

PEBUIAN 

reat 

Upper  Banff  shnle;  an  alternation  of  beary  bedded,  light  gray  palcareoua 
xaiidBtiHieB  and  tbin-bedded,  darli  gray  arenaceoua  ahalen.  Many 
Ltngnlte  and  pelecypods  (as  Scblzodus) 1.200 


RocHiy  Mountain  qunrtzlte;  an  alternation  of  Uicbt  gmy  qnartKlte  and 
light  gray  limestone.  EuphemuB  carbonariut  la  very  abundant  In 
the  upper  portion HOC 

Upper  Banff  llmeatone;  light  to  darlt  xraj  limestone,  usually  thin-bedded. 

The  lower  portion  Is  of  Mlflsisfipplan  age 2.200 

■  PabKifaed  \rt  permlulon  ef  the  Dlrsotor  or  ths  CftDidlnD  GsoIdrIuI  Smtey, 
UauuKFlpt  rec«1vpd  bj  the  Srcretary  of  tbr  PateontOlOElol  Soclctr  Jaoaarr  28,  IB18. 
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MISBIS81PPIAH 

Frtt 

r»«er  Banff  Bbnle ;  dark  gray  to  black  calcareona  shale 1.300 


Ixiwer  Banff  llmeRtoae:  heavy  bedded,  light  gray  llmeetone 1,000 

Intermediate  llmextone;  alternating  flne  to  coarse  grained  limestone 1.600 

The  spiriferoida  are  distributed  aa  follows : 
Pennsylvania!!  (Upper  Banff  limestone,  upper  portion) : 

iSpirifer  rockymontanus. 
Spirifer  cairieratus. 

Mississippian  {Upper  Banff  limestone,  lower  portion,  and  I>»wer  BaniT 
shale) : 

Spirifer  centronatut. 

Spirifer  cenlronatus  aibapinensis. 

Spirifer  striatvs. 

Spirifer  striatus  madisonensvi. 

Amboccelia  umbonata. 

Relicularia  pseudoUneata. 

Devonian  (transition  beds  from  Lower  Banff  shale  to  Lower  Banff 
limeBtone,  and  Lower  Banff  limestone) : 

Spirifer  notabilis. 

Spirifer  whitneyi  animasensis. 

Cyrtia  cyrtiniformis. 

Affinities  of  the  Fadna 

2S,    1912. 

Perhaps  the  most  interesting  feature  of  the  fauna  next  to  its  abundance 
is  its  close  affinity  with  those  of  the  Yellowstone  Park  and  of  Colorado. 
The  spirifera  of  localities  20  to  35  present  a  distinctly  Madison  aspect, 
as  that  aspect  is  described  hy  Oirty  in  his  "Monograph  on  the  Yellowstone 
Xational  Park."  The  especially  noteworthy  feature  common  to  the  two 
localities  is  the  dominating  abundance  of  Spirifer  centronatus  repre- 
sented by  both  the  typical  species  and  the  variety  aibapinensis. 

Similar  relationship  is  seen  to  exist  between  the  spirifers  of  the  beds 
transitional  from  the  Lower  Banff  limestone  to  Lower  Banff  shale  (lo- 
cality 38)  of  the  Canadian  region  and  the  Devonian  fauna  of  the  Ouray 
limeatone  of  Colorado,  described  by  Kindle   (Bulletin  of  the  Uniteil 
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SUtes  Geological  Survey,  number  391).  Two  forma  first  described  by 
Kindle  from  Colorado,  Spirifer  notabilxa  and  8.  wkitneiji  animasensi.", 
are  among  the  common  spirifers  of  the  Canadian  section. 

The  Hamilton  and  Chemung  species  are  the  more  cosmopolitan  species 
o(  the  Devonian  of  New  York  and  the  Mississippi  Valley. 

Since  Spirifer  rocky montanus  and  S.  eameratus  are  widely  distributed 
species,  their  presence  in  the  Lake  Minnewanka  region  indicates  merely 
a  broad  general  relationship  with  the  Pennsylvanian  of  the  Mississippi 
Valley  and  Uie  Bocky  Mountains. 

Debobiption  of  Species 

dbtqsias 

Spirifer  notoMlt*  Kindle 

The  Canadian  specimene  show  distinctly  the  characteristic  slender 
mucronate  extensions,  and  especially  the  most  striking  peculiarity  of 
this  species  as  described  by  Kindle,'  namely,  the  nature  and  direction  of 
the  plications  on  the  wings.  The  first  six  plications  on  each  side  of  th^ 
sinua  originate  at  the  beak  and  diverge  anteriorly,  as  usual  in  Spirifer, 
The  remainder  of  the  plications,  however,  lying  between  these  and  the 
extremities  of  the  hinge  originate  at  the  hinge  line  instead  of  at  the  beak, 
thus  constituting  a  second  series  of  plications  with  a  difFerent  direction 
from  the  former.  Where  the  two  series  meet  there  is  a  marked  diver- 
gence, the  outer  series  bending  abruptly  away  from  the  inner.  Lamellosc 
concentric  growth  lines  cross  the  radiating  plications. 

Range. — Spirifer  notaiilis  has  been  found  in  Colorado  and  New  Mex- 
ico. In  the  Lake  Minnewanka  section  it  characterizes  the  transition  beds 
between  the  Lower  BanfF  shale  and  Lower  Banff  limestone. 

SpMfer  tchUnei/i  animasentit  (Glrty) 

This  variety  is  distinguished  from  the  species  by  the  highly  elevated 
area  of  the  pedicle  valve  and  its  slightly  twisted  and  but  slightly  incurved 
beak.  The  plications  are  very  fine  and  of  about  equal  size  over  the  whole 
shell. 

Range. — Described  by  Girty  from  Colorado  and  by  Kindle*  from  New 

■  B.  U.  Slndle :  The  DcrODlan  faaua  of  tb«  Odtb;  llmeBtone.  U.  S,  Oeologloal  Surrey 
Ban.   8B1,  p.  2S.  pi.  T,  Bg.  S-Bo. 

'  BL  1(.  Kindle  :  Tlie  DeTonlan  finiiB  of  the  Ourar  limeBtaue.  U.  8.  CeoloBlcBl  Surrey 
BoU.  SSI,  p.  2S,  pi.  8,  Ogt.  1-Za. 

XTII — BubL.  Onb.  Soc  Am..  Vol.  24, 1913 
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Mexico.    At  Lake  Minuewauka  it  is  common  in  the  tranaition  beds  be- 
tween the  Lower  Banff  shale  and  the  Lower  BanfF.  limestone. 

Cvriia  cyr(ini/ormf«  Ball  and  Wbltfield 

Thifl  BpecieB  is  represented  by  numerous  and  quite  well  preserved  speci- 
mens. Their  average  size  is  much  larger  than  the  type  from  the  Che- 
mung at  Rockford,  Iowa.  The  latter,  an  averaged  sized  specimen,  has  a 
width  of  11  millimeters;  height  of  cardinal  area  of  pedicle  valve,  9  milli- 
meters; length  of  brachial  valve,  13  millimeters,  as  against  SI,  12,  and 
19  millimeters  (S3  millimeters  along  the  curvature)  for  a  medium  sized 
specimen  from  the  Lake  Minnewanka  section.  The  pedicle  valve  of  the 
latter  has  a  slightly  more  incurved  cardinal  area.  The  proportions  of 
the  delthyrium  are  similar,  as  well  as  the  number  of  plications,  on  each 
side  of  the  fold  and  sinus — that  is,  about  20 — for  here  the  plications  are 
simple ;  but  as  those  on  fold  and  sinus  bifurcate  the  number  here  has  in- 
creased on  this  enlarged  shell  to  20  at  the  anterior  edge,  resulting  in 
about  60  plications  to  a  valve  as  against  4fi  to  60  in  the  lowan  forms. 

The  mature  shell  is  slightly  incurved  at  the  frout,  owing  to  a  greater 
development  of  the  median  sinus,  though  even  in  the  young  shell  this  is 
more  highly  developed  than  in  the  lowan  forms.  The  young  shell  like- 
wise is  considerably  wider  than  long. 

In  size  it  is  similar  to  the  form  noted  by  Whiteaves  from  the  Hay 
River,  Mackenzie,  but  this  has  only  29  or  30  plications  to  each  valve. 

Range. — Chemung  of  Iowa  and  Hay  River.  At  Lake  Minnewanka  it 
is  very  common  in  the  transition  beds  from  the  Lower  Banff  shale  to  the 
Lower  Banff  limestone,  and  likewise  common  in  the  uppermost  portion 
of  the  latter. 

lH8ai8BIPPIA.S 
Bpiriler  centronatta  Wlnchell 

This  is  the  most  abundant  spiriferoid  of  the  Lake  Minnewanka  area. 
It  ranges  through  the  entire  Miesiasippian  series  of  beds,  a  thickness  of 
2,000  feet,  and  is  represented  in  local  areas  throughout  this  series  by 
immense  numbers  of  individuals. 

In  its  range  from  bottom  to  top  of  these  strata,  the  species  undergoes 
certain  variations,  while  in  the  lower  portion  of  the  Lower  Banff  shale  it 
is  represented  by  the  variety  albapinensia.  It  was  during  the  deposition 
of  the  upper  portion  of  the  Lower  Banff  shale  that  the  species  attained 
its  njost  typical  form. 
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S.  cenlronatut  var.  albapinentU  Hall  and  Whitfield 

Thia  form  was  described  hj  Hall  and  Whitfield*  as  a  species  distinct 
from  1?.  centronaius,  and  distinguished  from  it  especially  by  the  char- 
acter of  the  median  sinus.  In  albapinenm  the  median  sinus  is  some- 
timea  smooth,  sometimes  marked  by  two  or  three  plications,  which  are 
always  faint  and  do  not  extend  beyond  the  anterior  half  of  the  shell. 
The  sinus  is  bordered  on  each  side  by  a  broad,  rounded  plication,  which 
does  not  bifurcate  as  in  S.  centronatus,  but  continues  prominent  to  the 
anterior  margin  of  the  shell  and  undivided,  except  at  times  by  a  slightly 
impressed  line  on  the  lower  half. 

These  are  considered  only  varietal  differences  by  Girty*  and  as  repre- 
sentative of  the  condition  of  most  young  ehells. 

The  Lake  Uinnewanka  specimens  of  this  variety  are  of  very  differing 
sizes,  even  from  the  same  bed.  Thus  in  locality  35  (lower  portion  of  the 
Lower  Banff  shale),  which  is  especially  characterized  by  this  type  of 
Spinfer,  an  exceptionally  small  specimen  is  6  millimeters  long  by  9  milli- 
meters broad,  with  about  13  plications  on  each  side  of  the  sinus,  while  a 
specimen  somewhat  larger  than  the  average  measures  15  by  28  milli- 
meters, with  about  18  plications  on  each  aide  of  the  sinus.  All  the  forms 
agree,  however,  (a)  in  the  great  breadth  and  prominence  of  the  plica- 
tions boiinding  the  sinus  and  in  their  undivided  character,  except  for  a 
slight  flattening  which  at  times  develops  into  a  faint  mesial  depression ; 
(b)  in  the  absence  of  plications  in  the  sinus  and  in  its  peculiarly  broad, 
low  flattened  appearance;  (c)  in  the  appearance  of  the  median  fold, 
which  is  quite  prominently  elevated  and  expands  rapidly  from  the  beak 
to  the  front  of  the  shell.  It  is  impressed  by  a  median  line,  and  each  of 
its  two  halves  thus  formed  ie  again  in  many  cases  divided  by  a  shallow 
sinus  which  extends  up  only  a  short  distance  from  the  anterior  margin. 

The  typical  S.  centronatus  appears  first  in  great  abundance  in  the 
upper  portion  of  the  Lower  Banff  shale.  As  there  represented,  it  agrees 
exactly  with  Girty's  description  and  figures  of  the  species  as  found  in  the 
Yellowstone  Park  and  in  Nevada  and  Utah,' 

The  undivided  bounding  plications  of  the  sinus  of  albapinenais  have 
here  bifurcated  near  the  beak,  so  that  they  lose  their  prominence  and 
approach  the  lateral  plications  in  size.    The  sinus  is  characterized  by  six 


*  atelogj  of  thfl  40th  paralleL  vol.  4,  p.  260. 

■  Oflolocr  ot  tb«  YellDwatone  Nitlenal  Park.     D.  S.  Qeologlcat  Surrey  MoDogripb  32, 
p.  648, 

■  OcologT  of  the  rellawatoM  Natlanal  Park.     U.  8.  Oeal<«lca1  Bnrre;  Honosratib  SS, 
part:,  P.HT, 
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or  more  plications  and  the  fold  is  from  the  beginning  divided  into  two 
plications,  which  subsequently  bifurcate;  the  fold  thus  toward  the  an- 
terior margin  bears  usually  fuur  plications,  sometimes  six,  and  all  of 
nearly  equal  size. 

As  in  the  Canadian  region,  so  in  the  Yellowstone  Park,  S.  centronatus 
is  by  far  the  most  abundant  and  universal  form. 

Range.— It  has  been  observed  in  a  wide  geographical  range,  having 
been  described  from  the  Waverly  of  Ohio,  Iowa  (Kinderhook),  Black 
Hills,  Wyoming,  Montana,  Wasatch  Range  of  Utali,  and  Nevada. 

Sph-ifcr  atrial  us  (Martin) 

Our  epccimens  agree  with  this  species  in  their  regularly  arched  cardi- 
nal area  of  pedicle  valve,  the  character  of  sinus  and  fold,  and  in  tlie 
number  of  plications  (on  sides  of  shell  about  10  in  one-half  inch  one 
inch  from  beak).  They  vary  in  length  of  hiuge  line  from  35  to  70  milli- 
meters, but  the  European  specimens  of  this  species  vary  likewise  greatly 
in  size.  , 

Ours  agree  with  Hall  and  Whitfield's  Utali  specimens  apparently  in 
all  respects  except  in  the  low  cardinal  area  of  their  forms;  but  since 
theirs  were  crushed  this  may  be  due  to  that  fact. 

Horizon. — Mountain  limestone  of  Europe,  Mississippian  of  Utah,  Ne- 
vada, New  Mexico;  also  reported  from  the  Pennsylvanian  of  Utah  and 
New  Mexico.  At  Lake  Minnewanka  it  is  common  in  the  upper  portion 
of  the  Lower  Banff  shale, 

Spirifcf  atrlalua  mudinonensis  Glrtj 

A  single  brachial  valve  agrees  with  this  variety  in  its  size,  ita  coarse 
plications,  and  the  character  of  the  median  fold. 

Horizon.— Madison  limestone  of  Yellowstone  National  Park;  lowest 
portion  of  Upper  Banff  limestone,  Lake  Minnewanka. 

AmbiKtxlia  iimttonata  (Conrad) 

Our  specimens  a^ree  in  every  respect  with  the  descriptions  and  figures 
given  by  Hall.' 

Range. — Upper  Devonian  of  New  York  and  Pennsylvania,  Waverly 
(Bedford  shale)  of  Ohio.  At  Ijake  Minnewanka  it  is  common  in  the 
lower  portion  of  the  Lower  Banff  shale. 

'  pKleontoIosy  ot  Neiv  York.  vol.  4.  pp.  259,  200,  pi.  44. 
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DESCRIPTION    OF    SPECIES 


Reticularia  pseudoliiieata  (Hall) 


Theee  specimens  are  very  similar  to  those  from  the  type  locality  at 
Keokuk,  Iowa'.  One  pedicle  valve  measured  36  millimeters  wide  and  26 
millimeters  long.  The  epinose  ridges  are  pronounced.  The  median  sinus 
of  the  pedicle  valve  i.s  somewhat  more  pronounced  than  the  median  fold 
of  the  opposite  valve,  but  both  are  broad  and  but  slightly  developt-d.  dis- 
appearing toward  the  beak. 

Range. — Burlington  to  Keokuk  of  Indiana,  Illinois,  Iowa.  Missouri. 
At  Lake  Minnewanka  it  is  common  in  the  upper  portion  of  the  I^ower 
Banff  shale. 


Bpirifer  rockymontanus  Mflri?ou 

The  Lake  Minnewanka  specimens  are  in  close  agreement  with  those 
described  and  figured  by  White  from  Utah  and  New  Mexico.' 

The  usual  transverse  diameter  of  the  Canadian  specimens  is  about  3'l 
millimeters.  There  are  about  10  well  marked  simple  plications  on  each 
side  of  the  fold  and  sinus ;  there  are  four  on  the  fold,  sprung  by  dichoto- 
mizing from  the  original  single  plication  at  the  beak.  The  hinge  ex- 
tremities are  rounded  and  the  hinge  in  most  instances  is  slightly  shorter 
than  the  width  of  the  shell  below.  There  ."eems  to  be  a  close  aflinity  be- 
tween S.  rockymonlaniis  and  S.  cenlronafiix.  While  typical  examples  of 
the  species  are  easily  distinguished  from  each  other,  certain  other  ex- 
amples are  not  so  easily  distinguishable.  N.  rockymonlanux  is  usually 
larger,  with  rounded  hinge  extremities,  and  Its  ornamentation  has  a 
much  coarser  aspect,  owing  to  the  coarser  and  sharper  plicatii>ns  an<l 
their  smaller  number  both  on  fold  and  sinns  and  on  the  lateral  slopes. 
There  is  likewise  apparently  no  tendency  toward  the  breadth  and  promi- 
nence of  the  bounding  plications  of  the  sinus  seen  so  characteristically  in 
.'■'.  aibapinensis  and  persisting  to  an  occasionally  obvious  degree  in  S.  ren- 
ironatua. 

Bange. — Widely  distributed  in  the  Pennsylvanian  from  Ohio  and  West 
Virginia  to  New  Mexico,  Utah,  and  Colorado.  At  Lake  Minnewanka  the 
moat  common  Spinfer  of  the  upper  portion  of  the  Upper  Banff  limestone, 
though  never  occurring  in  very  great  abundance. 

i'pirlfer  ramrniliix  Jlortoii 

The  specimens  from  Lake  Minnewanka  arc  poorly  preserved,  but  the 
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characteristic  fasciculation  of  the  plications  is  well  seen  in  some  of  the 
forms. 

Range. — Extensively  distributed  iu  both  the  MissiBsippi  Valley  and 
the  Rocky  Mountains,  At  Lake  Mimiewanka  it  ia  common — the  most 
abundant  if  not  the  only  Spirifer — in  the  upper  portion  of  the  Upper 
Banff  limestone. 
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Prefeontal,  Lacriual,  Adlacbixal 

In  tbe  Bkall  of  lizards  there  is  a  Urge  triangular  bone  lying  in  the 
anterior  part  of  the  orbit,  above  and  behind  the  maxillary  and  below  the 
fnmtal.  This  bone,  or  pair  of  bones  on  opposite  sides,  is  commonly  called 
the  prefrontal.  Tbis  prefrontal  of  lizards  has  been  shown  by  Gaupp'  to 
resemble  the  lacrimal  of  mammals— that  is,  it  has  similar  relations  to  the 
aurronndtng  bones,  to  the  lacrimal  duct,  and  to  the  underlying  cartilage 
skull  in  the  embryo.  On  account  of  these  resemblances  between  reptilian 
prefrontal  and  mammalian  lacrimal,  Gaupp  believes  that  these  elements 
are  homologous  with  each  other,  and  hence  he  has  given  up  the  name  pre- 
frontal for  the  reptilian  element  and  calls  it  instead  lacrimal,  in  order  to 
make  the  terminology  of  the  reptilian  skull  conform  with  that  of  the 
manunal. 

What,  then,  la  that  other  bone  of  the  lizard  skull  which  until  Gaupp's 
lime  has  generally  been  called  lacrimal?  This  is  a  small  or  vestigial 
element  lying  below  tbe  large  triangular  bone  and  above  the  alveolar 
border  of  tbe  maxillar.  Gaupp  thinks  that  this  vestigial  element  has  no 
right  to  the  name  lacrimal,  no  matter  bow  long  it  has  borne  that  name, 
and  hence  he  calls  it  adlacrimal,  while  Jaekel  calls  it  postnasal. 

'  Huiucrlpt  TceclTed  b7  the  BccreUrr  of  tli«  PbIwdIoIdiIciI  Socletir  J&ooaiT  11,  1013. 
*  E>u  lAcrlmmla  dea  HeniebcB  and  der  BangFr  udiI  ulne  morpbolOBlsctie  Brdeutunf. 
Mtx.  An.  Bd.  sa,  l&tO,  pp.  a2&-SDa. 

{?41) 
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In  his  paper  of  1910,  in  which  these  views  are  expressed,  Qaupp  baseH 
his  conclusions  entirely  on  the  morphology  of  recent  reptiles,  especially 
the  lizards.  The  IJEards  on  account  of  their  streptostylic  quadrate  are  be- 
lieved by  him  to  represent  ancestral  mammalian  conditions  in  many  parts 
of  the  skull. 

What  is  the  paleontological  evidence  in  these  questions  of  homology' 

In  the  Permian  Cotylosaurs  the  lacrimal  (Gaupp's  Rdlacrtmsl)  instead 
of  being  vestigial,  as  in  lizards,  is  a  large  bone  that  shows  no  signs  of 
'  being  crowded  out  by  the  prefrontal.  In  Lahidosaunis,  for  example,  Pro- 
fessor Williston'  describes  the  lacrimals  a.s  lying  in  the  anterior  border  of 
the  orbits  (of  which  border  they  form  the  greater  part),  thence  extending 
forward,  parallel  to  the  maxillaries,  to  the  anterior  naree.  The  lacrimals 
are  equally  large*  in  Seymouria,  Limnoscelis,  Captorhinus,  Varanosaurwi, 
and  other  genera. 

In  the  lowest  members  of  the  mammal-like  scries,  namely,  the  Thero- 
cephalia,'  the  lacrimal  has  been  crowded  away  from  the  anterior  nares  by 
the  upgrowth  of  the  maxillary,  so  that  it  has  lost  its  anterior  extension 
and  has  begun  to  took  like  a  mammalian  lacrimal.  In  the  higher  Therap- 
sida  or  Cynodoiitia*  the  lacrimal  is  a  prominent  bone  on  the  anterior  bor- 
der of  the  orbit,  which  articulates  with  the  jugal,  maxillary,  nasal,  and 
prefrontal.  In  Diademodon.  according  to  Watson,'  the  lacrimal  is 
pierced  by  a  lacrimal  foramen  and  forms  a  part  of  the  floor  of  the  orbit. 

Hence  Oaupp's  views  regarding  the  lacrimal  receive  no  support  what- 
ever from  the  Cynodonta.  On  the  contrary,  if  the  Cynodonts  are  nearer 
to  the  mammals  than  the  lizards  are,  as  there  is  good  reason  to  believe, 
then  we  must  assume  that  in  lizards  and  Sphenodon  the  prefrontal  has 
merely  uKurped  the  place  of  the  true  lacrimal,  which  has  been  crowded 
out  and  become  vestigial. 

Ai-LiPHEXoin  AXD  Obbitosphenoid 

Haupp  has  also  raised  an  important  question  as  to  the  homology  of  the 
reptilian  alisphenoid,  denying  that  it  is  homologous  with  the  trae  alis- 
phenoid  of  mammals." 

IB.     Amer.  Jour.  Anal.,  vol.  10,  1610,  p.  7a 

can  r^rmlan   Vertrbralea.      Tnlv.  CbtCB«0  PitM, 

*  Sec  Broom  :  A  comparison  of  the  Prrmlan  rrptllea  ot  Nortb  America  with  thoac  of 
8outh  Africa.     Bull.  Ampp.  Jitus.  Xat.  Hlsr..  rot.  2R.  1910,  pp.  204-213. 

■  See  Broom  :  On  thf  otnieture  of  the  HkuU  In  Ihf  CjDoioat  rcplUea.  Proc.  Zool.  Boc.. 
1011,  pp.  800.1115. 

'Tbe  skull  ot  Dtad^modon.  with  Doles  on  tboae  of  some  other  CynodoatK.  Add.  and 
Maa.  Xat.  HIkI..  (St.  vol.  vlll.  IBll,  p.  .111. 

■  Pb«r  die  Ala  leinporalla  des  SlugpRchndrlii  iind  die  ReKlo  OrbllalU  elulser  ande|pr 
WlrtieltleniebBd*].  Merktl  und  Bonnela  Aoat.  Heft  1i)  (IB  Bd:.  H«f(  1).  1002,  pp.  2:il- 
222. 
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The  alisphenoids  of  mammalG  in  the  developing  cartilage  skull  are  rep- 
resented by  a  pair  of  wingtJke  outgrowths,  called  the  alse  temporalis, 
which  project  widely  from  either  side  of  the  basisphenoid.  These  tem- 
poral wings  lie  below  the  roots  of  the  trigeminus  nerve  and  both  in  front 
and  outside  of  the  carotid  foramina.  Accepting  ontogeny  as  in  some 
measure  an  indication  of  phyiogeny,  fiaupp  concludes  that  the  mamma- 
lian alisphenoids  arose  outside  of  the  primary  brain-case  and  have  only 
secondarily  grown  up  around  the  outer  side  of  the  fifth  nerve,  and  thus 
have  come  to  shut  in  the  open  space  between  the  auditory  capsule  and  the 
cartilage  orbitosphenoid.  In  the  chondrocranium  of  the  lizard  the 
basipterygoid  processes  of  the  baaisphenoid,  like  the  alse  temporalis  of 
mammals,  project  widely  from  either  side  of  the  cartilaginous  basisphe- 
noid;  they  also  lie  below  the  roots  of  the  trigeminus  and  in  front  of  the 
foramina  for  the  carotids.  Hence  Gaupp  homologizes  these  basipterj'goid 
processes  in  the  linard  with  the  cartilaginous  alisphenoid  wings  of  mam- 
mals. These  basipterygoid  processes  he  supposes  to  have  become  turned 
upward,  80  that  they  covered  the  roots  of  the  trigeminus  externally;  by 
further  upgrowth  of  (he  replacing  bone  they  covered  the  temporal  region 
of  the  skull. 

If  the  reptilian  basipterygoid  processes  alone  represent  the  cartilagi- 
nous alisphenoids  of  mammals,  as  Gaupp  maintains,  then  it  follows  that 
that  pair  of  bones  in  the  temporal  region  of  reptiles  which  have  been 
called  alisphenoids  must  represent  some  other  elements.  Doctor  Von 
Huene'  accepts  Gaupp's  views  and  applies  them  in  the  field  of  paleon- 
tology. He  says  (1911)  that  the  name  aiisphenoid  should  no  longer  b'r 
applied  to  Sauropsidan  skulls;  that  the  bone  formerly  called  aiisphenoid 
in  the  Sauropsida  is  identical  with  the  orhitosphenoid  of  mammals.  Con- 
."equently  in  ail  his  recent  papers  on  fossil  reptiles  the  bones  usually 
called  alisphenoids  are  lettered  orbitosphenoids,  the  lacrimals  are  called 
adlaerimals,  and  the  prefrontals  are  called  lacrimals. 

Gaupp's  conclusions  regarding  the  aiisphenoid  were  based  very  largely 
«ii  a  comparison  of  lizard  and  mammal  in  embryonic  stages  without  ref- 
erence to  paleontological  evidence.  In  order  to  test  Gaupp's  conclusions, 
I  have  studied  the  composition  and  elements  of  the  brain-case  in  many 
recent  and  fossil  reptiles,  especially  Cotylosaurs,  Cynodonts,  Dinosaurs, 
f'rocodiles,  Sphenodon,  etcetera,  primarily  from  specimens,  but  also  as 
they  are  described  in  recent  papers  by  Williston,  Broom,  von  Huene, 
Watson,  and  others,  I  have  come  to  directly  opposite  conclusions  to  those 
of  von  Huene  and  Gaupp,  although  at  first  inclined  to  accept  them. 

iramichlrr.      Koken's   (i«il.   u.   Pal. 
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The  evidence  is  too  detailed  to  be  presented  ^equ&tely  at  this  time 
and  will  shortly  be  published  in  the  American  Journal  of  Morphology, 
but  in  outline  it  is  as  follows:  Some  of  the  distinguishing  features  of 
the  mammalian  alisphenoids  are :  that  they  are  lateral  to  the  basisphenoid 
and  pituitary  fossa;  they  lie  between  the  orbitoephenoida  and  the  otic 
capsule ;  they  connect  above  with  the  parietals ;  they  are  largely  in  front 
of  the  foramen  for  the  mandibular  branch  of  the  fifth  nerve  and  behind 
tjie  fissure  which  gives  exit  to  nerves  III,  IV,  V,  and  VI.  Further,  the 
temporal  wings  of  the  aliaphenoid  lie  outside  the  roots  of  the  fifth  nerve; 
they  also  are  external  to  the  carotid  foramina  and  postero-external  to  the 
pterygoid  processes.  In  Cynodonta  there  are  a  pair  of  elements  in  tlie 
temporal  region  of  the  skull  which  are  described  and  figured  by  both 
Broom  and  Watson  and  which  are  homologized  by  them  with  the  tem- 
poral wings  of  the  mammalian  aliephenoJde.  These  alisphenoids  of 
Cynodonts  correspond  with  the  mammalian  alisphenoids  in  all  the  more 
important  topographic  relations,  so  that  their  homology  can  hardly  be 
doubted. 

The  alisphenoids  of  Cynodonts  in  turn  appear  to  afford  a  perfect  tran- 
sition to  those  of  typical  reptiles.  In  all  their  relations  to  surrounding 
bones  and  to  foramina  their  essential  agreement  with  the  alisphenoids  of 
Tf/rannosaurus,  for  example,  can  hardly  be  denied.  For  these  reasons  I 
feel  pretty  confident  that  the  elements  commonly  called  alisphenoids  in 
Crocodiles  and  DinoBsurs  are  rightly  so  named,  and  that  von  Huene  is 
wrong  in  calling  them  orbitosphenoids.  The  true  orbitosphenoide  were, 
I  think,  correctly  named  by  Parker  in  the  Crocodile.  They  lie  immedi- 
ately Ijehind  the  ethmoid,  below  the  frontals,  and  in  front  of  the  alisphe- 
noids. In  Tyranno.sauTUs  they  are  continuous  below  with  the  presphenoid 
and  are,  I  think,  incorrectly  named  presphenoid  by  Doctor  von  Huene. 

Pterygoid,  Epiptebygoid,  and  Alisphenoid 

Another  side  of  this  thorny  subject  is  the  question  of  the  relations  of 
the  pterygoid,  epipterygoid,  and  alisphenoid.  Broom'*  has  ably  defended 
the  view  first  expressed  by  Parker  that  the  temporal  wings  of  the  alisphe- 
noids have  been  derived  from  epipterygoids,  like  those  of  Spkenodon. 
and  that  the  alisphenoid  represents  a  portion  of  the  primitive  pterygo- 
quadrate  cartilage.  In  Spkenodon  the  alisphenoids,  or  epipterygoids,  lie 
immediately  in  front  of  the  prootic  foramen  and  below  the  parietals. 
They  differ  from  the  alisphenoids  of  Dinosaurs  chiefly  in  retaining  their 

innplal  ikull.    Proc.  Lino.  Soc  N«w  Sontb 


Digitized  bvGoOgIc 


PTBRYOOID/   EPIPTBRYOOID,   AND   ALIflPHBNOID  245 

primitive  connection  with  the  pterygoids,  a  connection  which  has  been 
lost  in  the  Dinosaure  and  Crocodiles.  In  Diadectes  the  alisphenoidB,  or 
epipterygoida,  have  essentially  the  same  relations  as  in  Spkenodon.  Wat- 
son" goes  even  further  than  Broom;  he  finds  that  in  Cynodonta  there  is 
no  suture  separating  the  temporal  portion  of  the  alisphenoid  from  the 
pterygoid.  He  shows  that  the  basal  portions  of  the  pterygoids  in  all  their 
relations  with  surrounding  bones  and  nerve  openings  correspond  pre- 
cisely with  the  baaal  portion  of  the  alisphenoids,  and  that  the  temporal 
portion  of  the  pterygoids  correspond  with  the  temporal  portion  of  the 
alisphenoids. 

Watson  also  holds  that  the  true  mammalian  pterygoids  have,  not  been 
derived  from  the  reptilian  pterygoids  at  all,  but  from  the  ectopterygoidR, 
or  transverse  bones,  as  originally  suggested  by  Seeley,  Watson's  thor- 
ough analysis  of  the  topogrophie  relations  of  the  elements  in  question 
virtually  amounts  to  a  demonstration  of  the  suggested  homologies,  pro- 
vided one  accepts  on  other  grounds  the  view  that  the  Cynodonts  arc 
closely  related  to  the  stem  of  the  Uammalia.  The  view  that  the  basal 
portion  of  the  reptilian  pterygoid  gave  rise  to  the  basal  portion  of  the 
alisphenoid  also  explains  in  a  very  satisfactory  manner  the  fate  of  the 
reptilian  pterygoid.  The  backward  extension  of  the  palatines,  carrying 
with  them  the  ectopterygoids  and  separating  them  from  their  primitive 
connection  with  the  maxillaries,  also  offers  a  highly  reasonable  explana- 
tion of  the  peculiar  position  of  the  mammalian  pterygoids  and  does  awav 
with  the  necessity  for  regarding  the  so-called  pterygoid  wings  of  the  alis- 
phenoids as  neomorphs  in  mammals.  But  what  of  Gaupp'e  view  that  the 
mammalian  alisphenoids  have  been  derived  from  basipterygoid  processes, 
such  as  are  seen  in  lizards? 

In  the  Cynodonts,  as  described  by  Broom  and  Watson  in  the  place  of 
the  basipterygoid  processes,  we  observe  flanges  of  the  alisphenoid  which 
firmly  embrace  the  hasisphenoid  on  either  side.  These  flanges  are  ex- 
ternal to  the  openings  identified  by  Broom  as  the  carotid  foramina ;  they 
are  external  and  inferior  to  the  roots  of  the  trigeminus  nerve.  In  these 
relations  they  parallel  the  basipterygoid  processes  of  the  lizard  and  are 
homologous  with  the  alee  temporalis  or  cartilage  Anlage  of  the  alisphe- 
noids of  mammals. 

Hence  I  think  that  Gaupp's  comparisons  of  embryo  lizards  and  embryo 
mammals  do  not  prove  that  the  mammalian  alisphenoids  are  homologous 
with  the  lizard  basipterygoid  processes,  but  that  the  resemblances  ob- 

"The  BfcuU  of  DIademodaD.      .      .      .     Ann,  and  Umg.  tint.  HUt.   (8).  TOl.  irtll,  JOll. 
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served  are  due  to  the  mammalian  alisphenoids  having  retained  certain 
relations  which  were  already  established  in  the  Cynodonts.'* 

MkTABILITT  of   \AMES   IX  RKPTILIAN   OSTEOLOGY 

'I'he  questions  thus  briefly  touched  on  have,  I  think,  more  than  au  aca- 
demic interest  to  paleontologists.  They  raise  the  question  whether  pale- 
ontologists will  permit  the  nomenclature  of  the  reptilian  skeleton  to  be 
indefinitely  upset  and  confused.  The  naming  of  elements  in  lower  verte- 
brates in  accordance  with  their  suppoBcd  homologies  in  mammals  has  in- 
deed been  the  historic  process,  but  it  is  having  the  same  disturbing  effect 
on  anatomical  nomenclature  as  the  search  for  prior  names  has  had  on 
systematic  nomenclature.  Gaupp,  as  we  have  seen,  shifts  the  name  lacri- 
mal from  one  bone  to  another,  and  von  Iliiene  performs  the  same  kind 
office  for  the  orbito-,  ali-,  and  presphenoids. 

Supposing  Watson  is  right  in  holding  that  the  mammalian  alisphenoitl 
has  been  derived  from  the  reptilian  pterygoid,  plus  epipterygoid,  and  that 
the  mammalian  pterygoids  in  turn  have  been  derived  from  the  ectopterj- 
goids;  shall  we  therefore  transfer  the  name  pterygoid  from  the  ptery- 
goid to  the  ectopterygoid,  and  shall  wecall  the  pterygoid  alisphenoirl  ? 
Would  it  not  be  more  sensible  to  say  that  the  reptilian  pterygoid  was  still 
the  pterj-goid ;  that  the  ectopterygoid  was  still  the  ectopterj'goid.  no 
matter  what  they  subsequently  gave  rise  to  in  the  mammals? 

Similarly,  would  it  not  be  well  for  those  who  believe  that  the  reptilian 
quadrate  was  transformed  into  the  mammalian  incns  to  continue  to  apply 
these  names  in  the  respective  classes? 

Conclusions 

(1)  The  prefontal  of  reptiles  is  not  homologous  with  the  lacrimal  of 
mammals. 

(2)  The  lacrimal  of  reptiles  is  homologons  with  the  lacrimal  of 
mammals. 

(.1)  The  alisphenoids  of  dinosaurs,  etcetera,  are  not  homologous  with 
the  orbitosphenoids  of  mammals,  liut  in  part  with  the  alisphenoids  of 
mammals. 

(4)  The  pterygoids  (including  the  epiptervgoids)  of  reptiles  probably 
gave  rise  to  the  alisphenoids  of  mammals  {Watson), 

(5)  Transference  of  names  from  one  element  to  another  is  highly  olf 
jectionaldi'.  There  is  no  practical  necessity  for  invariably  applying  thp 
same  name  to  homologous  elctuents  in  different  classes. 
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Introduction 

When  my  friend  Mr.  C.  W.  Beebe  was  in  Borneo  he  made  persistent 
efforts  to  secure  for  me  specimens  of  the  rare  pen-tailed  tree-siirew 
{PtUocercus  lowii).  Failing  in  this,  he  obtained  the  loan  of  a  skin  and 
skeleton  of  this  animal  from  the  Rajah  of  Sarawak,  and  these  he  has  very 
kindly  intrusted  to  me  for  study  and  description. 

PtUocercus  and  its  ally,  Tupaia,  together  constituting  the  family 
Tupaiidffi  of  the  suborder  Menotyphia,  are  of  peculiar  interest,  because 
they  appear  to  bridge  over  to  some  extent  the  gap  that  separates  In- 
seetivorea  from  Primates.  They  are  arboreal  in  habit,  and  Tupaia  is 
said  to  be  lively,  active,  and  squirrel-like,  both  in  ajipearance  and  in  habit. 

Certain  anatomical  resemblances  shown  by  Tupaia  to  the  Ijemurs  havo 
been  noted  from  time  to  time  by  various  authors,  l»ut  until  recently  the 
Tupaiids  have  been  studied  far  leas  thoroughly  than  other  families  of 
Insectivores.  In  1910  I  published  an  analysis  of  the  osteology  of  Tupaia 
and  of  other  Menotyphia  and  summarized  the  evidence  for  the  relation- 
ship of  the  Tupaiids-  with  the  Primates.'  Tn  the  same  year  Dr.  Walter 
Kaudem,*  of  Stockholm,  observed  many  resemblances  between  Tupaia 

'  MiDusetlpt  rewlTrd  b;  tbe  Sect^tar;  of  tbe  Paleontologicai  Society  Janaarj  11, 1B13. 
'Tbe  ordtra  of  ftUmnUilB,  Bun.  A.  H.  N.  B.,  vol.  27.  pp.  368-280,  321-822. 
■Ucher  tlolge  AehntkhkelteD   iwlscheD   Tupaja   UDd  d«D   HalbaSea,      Auat    Am.,   3T. 
Bd.  No.  21,  22,  pp.  661-673. 
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aDd  the  Lemuridse  in  the  structure  of  the  male  reproductive  organs  and 
in  the  abdominal  musculature.  Quite  recently  Dr.  Elliot  Smith,*  accept- 
ing the  theory  that  the  Tupaiidte  ehow  ub  vhat  the  ancestore  of  the 
Primates  were  like,  says  that  they  also  illuetrate  the  influence  of  an 
arboreal  mode  of  life  in  stimulating,  first,  a  great  development  of  the 
centers  of  si^t,  sound,  touch,  and  muscular  sensibility ;  and,  secondly,  an 
airest  in  the  development  of  the  olfactory  centers,  which  are  predominant 
in  terrestrial  Insectivorea. 

TupAiiD  Osteology  and  KELATioNsmrs 

The  opportunity  of  studying  the  skeleton  of  Ptilorercus  has  led  me  to 
review  the  general  subject  of  Tupaiid  relationships.  1'his  phylogenetic 
problem  may  be  stated  as  follows;  Are  the  special  resemblances  between 
Tupaiids  and  Lemurs  due  largely  to  convergent  evolution  betweeu  widely 
removed  phyla?  Or  are  they  due  partly  to  homoplastic  evolution  in  re- 
lated phyla,  which  hare  been  derived  from  a  single  family  of  Mesozoic 
Insectivorea  ?  ■ 

Some  of  the  more  important  characters  tending  to  ally  Tupaiids  and 
Primates  are  as  follows:*  The  brain  and  brain-case  of  Tupaiids  are  far 
larger  than  in  typical  Insectivores ;  the  eyes  and  orbits  are  large;  the 
olfactory  portions  of  the  skull  more  or  less  reduced  (especially  in  Ptiio- 
cercus) ;  the  orbits  are  inclosed  posteriorly  by  a  postorbttal  bar;  the 
prominent  malar  is  pierced  by  a  foramen  below  the  orbits,  as  in  Lemurs; 
the  malleus,  incus,  and  stapes,  according  to  Doran,  in  several  features 
much  resemble  the  Lemur  and  ceboid  types ;  the  large  auditory  bulls  arc 
formed  from  the  inflation  of  the  cntotympanic,  the  true  or  ectotympanic 
remaining  aa  a  bony  ring,  as  in  non-Malagasy  lemuroids  (van  Eampen). 
The  same  authority  notes  the  agreement  in  the  course  of  the  entocarotid 
artery  with  that  of  Lemuridee,  and  further  agreements  are  seen  in  the 
arrangement  of  the  pterygoid  region.  Tupaia  is  stated  to  have  a  lemur- 
like  Bublingua;  the  abdominal  musculature  and  male  reproductive  organs, 
as  already  stated,  point  in  the  same  direction.  The  sternum,  girdles, 
and  all  the  limb  bones,  the  hand  and  foot  with  the  divergent  pollex  and 
.hallux,  the  tarsus,  especially  the  astragalus,  offer  additional  evidence  of 
relationship.  Finally,  in  Tupaia  there  are  twelve  or  thirteen  dorsals,  six 
or  seven  lumbara,  and  three  sacrals,  exactly  aa  in  certain  Lemurs. 

I  think  this  body  of  evidence  is  sufticient  to  indicate  that  even  although 
Tupaiids  and  Lemuroids  may  have  separated  very  early,  and  even  ai- 

•AddriM  to  tbs  Antbropoloalo]  SecHoii.     Brit  Ahoc  AdT.  8cl.,  B«eUoii  A.    Dondca, 
1012,  pp.  1-34. 
•  QngoTT ;  Op.  dt,  pt.  8S1-S3S. 
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though  many  of  the  similarities  may  have  developed  under  tlie  stimulus 
of  similar  arboreal  habits,  yet  there  is  a  real  genetic  relatiooebip  between 
the  two  groups. 

PtUocercvs  is  somewhat  more  lemur-like  than  Tupaia  in  its  skull  and 
dentition.  The  malar  and  jaw  are  stouter;  the  tendency  toward  dipro- 
todonty  more  pronounced;  the  molars  more  buuodont,  with  incipient 
bypocone^ingula.  I  was,  however,  surprised  to  find  that  in  its  poet- 
cranial  skeleton  Ptilocerctts  is  on  the  whole  leas  lemur-like  than  Tupaia. 
It  has  fourteen  dorsals  and  five  lumbors,*  its  ribs  are  broad  and  flat,  the 
thorax  and  sternum  are  shorter,  the  dorsal  vertebne  have  low  spines,  and 
the  parapopfayses  of  the  lumbars  are  but  feebly  developed.  The  limbs 
are  less  elongate,  the  ilium  rodlike  rather  than  spatulate,  the  pubis  and 
ischiuju  small,  and  the  pubic  symphysis  very  short;  whereas  it  is  long 
in  Tupaia,  Macroscelidffi,  and  Lemurs.  The  scapula  is  broader  than  in 
Tupaia,  the  humerus  less  elongate,  the  supinator  crest  more  pronounced, 
the  enlocondyle  and  entepicoodylar  foramen  are  prominent,  and  the 
capitellum  globular,  The  hallux  and  poUex  seem  to  be  capable  of 
marked  divergence.  All  this  appears  to  indicate  that  Ptilocercus  is  less 
agile  and  squirrel-like,  perhaps  more  Marmosa-like,  in  habits  than 
Tupaia;  also  that  many  of  the  lemurine  characters  of  Tupaia  may  have 
been  developed  independently. 

Enxoholestes  ak  Eocene  Tupaiid 

One  of  the  American  Kfuseuni  Expeditions  to  the  Bridger  Basin  se- 
cured there  a  minute  lower  jaw,  which  was  described  by  Matthew'  in 
1909  and  named  by  him  Entomolestes  grangeri  in  honor  of  its  discoverer. 
Doctor  Matthew  noted  the  resemblance  of  this  jaw  to  that  of  Tupaia, 
but  owing  to  lack  of  adequate  material  for  comparison,  he  left  the  genus 
incertse  aedis  as  to  family,  merely  referring  it  to  the  Insectivora.  The 
subsequent  acquisition  by  the  museum  of  skeletons  representing  the 
principal  types  of  recent  Inaectii'oree  has  led  me  to  compare  this  precious 
relic  with  the  jaws  of  recent  and  fossil  InBccfivores,  Bats,  and  Primates 
of  many  families.  This  comparison  has  brought  into  ck'ar  view  the  close 
agreement  in  essentials  of  Entomolestes  with  the  Tupaiids,  especially 
the  small  Tupaia  modeata;  so  that  I  feel  reasonably  safe  in  stating  that 
in  the  Bridger  Eocene  of  North  America  there  lived  a  very  primitive 
representative  of  the  Oriental' Tupaiids. 

From  certain  indications  I  infer  that  there  was  a  small  first  incisor; 

•  TtM  complete  Tertebnl  formula  ot  PHloceraii  Is :    CT.  D14.  LO,  Cd.  33. 
<Tfae  CunlTOrm  and  InaecllrorB  ot  Ibe  BrIdKer  Baalo,   Middle  Eocene.      Mem.  Amer. 
Um.  Nat  HIM.,  VOL  9.  part  6,  l»Oe. 
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the  alveoli  for  the  seeond  aod  third  incieora,  for  the  canine,  premolar, 
and  premolar^  are  well  preserved ;  the  inciaors  were  gently  procumbent ; 
the  canine  was  small,  single-fanged,  erect,  and  located  well  bacit  on  the 
side  of  the  jaw;  p,,  p,  were  smalt,  very  simple  teeth;  p,,  p,,  and  the 
three  molars,  all  perfectly  presened,  much  reaemble  those  in  Tupaia, 
and  differ  markedly  from  those  in  Galerix,  Lepticids,  and  other  Eocene 
Inaectivorea. 

Entomolesles  is  considerably  more  primitive  than  either  Tupaia  or 
Ftilorenua  in  the  following  characters:  First,  in  its  very  minute  size, 
the  jaw  being  no  bigger  than  that  of  a  shrew;  secondly,  the  jaw  retains 
the  complete  Eutherian  dentition,  the  formula  being  3.1.4,3,  whereas 

the  modern  Tupaiids  have  lost  p— ■.  third,  the  tendency  toward  dipro- 

todonty  and  reduction  of  the  canine,  so  prominent  in  P'.Oncercux,  is  here 
only  suggested ;  fourth,  the  symphysial  region  is  shallower  and  the  ramus 
more  curved  below — characters  seen  in  Jurassic  Insectivores;  fifth,  the 
molars  had  lower  crowns  than  in  Tupaia;  sixth,  the  cingulum  at  the 
anteroextemal  base  of  the  trigonid,  vestiges  of  which  are  retained  in 
Plilocercus,  was  pronounced ;  seventh,  the  teeth  wet*  in  continuous  series 
as  in  Ptitocerciis.  whereas  in  Tupaia  the  canine  and  anterior  premolars 
have  become  irregularly  spaced.  The  sole  [)oint  in  which  the  Entomo- 
leaten  jaw  appears  to  be  aberrant  is  in  the  slightly  reduced  size  of  m,. 

Tlius  Eniomolesfes  carries  the  Tupaiidie  back  to  a  primitive  Middle 
Eocene  type,  the  teeth  of  which,  as  Dr.  Matthew'  noted,  were  partly 
transitional  to  the  type  shown  in  Apatemyida^,  Mixodeetidie,  and  primi- 
tive Lemuroidea.  But  from  all  of  tJicse  it  is  distinguisiied  by  retaining 
the  complete  Eutherian  dental  formula  and  by  having  the  talonids  of  the 
lower  molars  not  expanded ;  it  is  also  without  a  hypoconulid  on  mj. 

X0TIIABCTU8  AN  Eocene  Lehur 

In  the  same  fonnation,  the  Bridger,  along  with  this  very  primitive 
Tiipaiid  the  American  Museum  Expeditions  found  several  incomplete 
skeletons  of  one  of  the  most  primitive  known  Primates,  the  genus  lio- 
tharctus.  This  material  is  of  signal  importance  in  the  problem  of  Pri- 
mate genealogy,  and  it  has  been  generously  placed  in  my  hands  for  de- 
scription by  Doctor  Matthew. 

If  the  postcranial  skeleton  of  yotharrtiis  had  been  well  known  in 
Cope's  time,  without  admixture  of  foreign  material,  much  confusion 
would  have  been  saved.     If  the  limbs  and  vertebrae  had  been  known 

•  Op.  dt.,  p.  D8T. 
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before  the  skull,  the  genua  would  undoubtedly  have  been  placed  in  the 
family  Lemuridffi  and  even  in  the  subfamily  Lemurime.  The  meta- 
podiale,  astragalus  and  calcaneum,  pelvis,  femur,  tibia,  humerus,  forearm, 
vertebne,  and  all  other  parts  preserved  are  practically  identical  with 
those  of  Lemur,  Every  proceBS,  rugosity,  and  curve  in  the  Notkarctus 
bonea  finds  its  evident  homologue  in  Lemur,  so  that  the  myology  of  the 
two  must  have  been  almost  identical.  Only  the  Eocene  genus  was  slightly 
more  primitive,  in  that  the  limbs  are  less  elongate. 

The  skull  of  Notharclus  has  a  much  smaller  brain-case,  smaller  audi- 
tory bulls,  and  a  far  less  specialized  dentition.  The  incisors,  canines, 
and  anterior  premolars  are  of  primitive  type  and  have  not  assumed  the 
aberrant  and  highly  characteristic  lemurid  form.  Because  its  front  teeth 
lack  the  lemurid  modiUcation  and  because  the  supposed  course  of  the 
entocarotid  artery  and  certain  details  of  the  lacrimal  are  not  the  same 
as  in  Lemurs,  Doctor  Wortmann*  concluded  that  Notharclus  was  not  an 
ancestral  Lemur ;  but  it  now  appears  probable  that  these  differences  from 
Lemurs  are  merely  primitive  rather  than  aberrant  characters.  So  far  as 
I  have  yet  ohaerved,  there  is  only  one  important  character  which  excludes 
Notharclus  from  direct  ancestry  to  the  Lemurs.  The  upper  molars  in 
becoming  incipiently  quad ri tubercular  have  departed  from  the  more 
tritubercular  type  preserved  in  the  ancestral  Pelycoilue  of  the  Wasatch 
and  Wind  River,  Pelycodus  is  nearer  to  the  ancestors  of  Lemur;  while 
the  allied  Pronyctivebus  of  the  French  Eocene  is  held  by  Grandidier'"  to 
be  ancestral  to  the  common  Ix>ris  (Nyrticehia).  A  phylogenetic  or  verti- 
cal classification  would  include  Peh/rodujt  and  Nolharitus  in  the  I^e- 
muridsB;  but  a  "horizontal"  class! hcation,  marking  stages  of  evolution, 
would  include  Notharclus  in  the  Adapida;,  as  has  been  done  by  Schlosser." 
An  examination  of  akulis,  teeth,  and  limb  bones  of  Adapts  and  Nolharc- 
tus  indicates  that  Adapts  is  merely  a  specialized  and  aberrant  collateral 
descendant  of  Notharctus,  as  held  by  ychlosser. 

The  postcranial  skeleton  of  Notharclus  is  more  primitive  than  that 
of  any  Platyrhine  or  Catarhine;  Notharctus  also  retains  the  right  number 
and  kind  of  incisors,  canines,  and  premolars  for  an  ancestral  monkey  of 
either  grand  division.  However,  the  occurrence  of  numerous  ahort- 
jawed,  large-brained  Primates  in  the  Wasatch  with  normal  incisors,  small 
canines,  tritubercular  molars,  and  reduced  premolars  suggests  the  rise 

■  Eoenu  m«mDUll>  In  the  MnrBh  collection.  Peabodj  Muwum.  Pirt  It.  Prlmaleii. 
Aner.  Jour.  Bel..  toI.  IB,  p.  410. 

"  Lea  LemuHcDi  dliparna.  .  .  .  Nout.  Arcblv.  du  Mub.  4e  Ser.,  Tome  vll.  IftOS, 
P[)l2S-30. 

"  Ziltela  OraDdiOsc  der  Pallontoloste.     II.  Abt. 
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of  Tarsim  and  the  Anthropoidea  from  the  neighborhood  of  the  Aoapto- 
iiiorphids,  ae  maintained  by  Schloeser. 

CONOLDSIONS 

To  recapitulate,  present  evidence  favors  the  following  conclueiong : 
(1)  That   in   the   Bridger   Eocene   there   already   existed   primitive 
Tupaiid  InsectivoreB  {Entomoteste»)  and  primitive  lemur-like  Frimates; 
and  these,  while  tera  widely  separated  than  their  modem  representatives, 
were  even  at  that  time  referable  to  distinct  orders. 

{'£)  The  fauna  of  the  Wasatch,  with  its  numerous  highly  modernized 
types,  such  as  Anaptomorphus,  proves  that  we  are  witnessing  rather  the 
noontime  than  the  dawn  of  Placental  Mammals.  The  m&rked  struc- 
tural gap  even  in  the  Eocene  between  Tupaiids  and  Primates  does  not, 
I  think,  constitute  a  serious  objection  to  the  ultimate  derivation  of  the 
Primates  from  Entomolestes-\ike  ancestors  of  the  late  Mesozoic.  The 
Primates  give  evidence  of  derivation  from  very  small  mammals,  with  a 

dental  formula  of    '   '  '   ',  animals  with  simple  non-camaasial  premolars 

3.1.4.3. 
and  tritubercular  molars;  and  such  mammals  could  only  have  been  In- 
eeotivores  of  some  sort. 

(3)  It  seems  quite  likely  that  many  of  the' lemur-like  features  of 
Tupaia,  such  as  the  large  brain-case,  ringed  orbits,  enlarged  lumbar 
parapopfayses  and  the  like,  may  have  been  developed  independently  after 
the  separation  of  the  Primates  took  place. 

(4)  That  in  spite  of  their  very  ancient  divergence  the  Primates  are 
more  nearly  allied  to  the  Tupaiida  than  to  any  other  existing  group. 
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Location  of  the  Fields 

The  region  described  in  thiB  paper  lies  along  tlie  Gulf  eoaat  of  the 
Republic  of  Mexico  in  the  States  of  Tantaulipae,  Vera  Cruz,  and  Sau  Luis 
Potofli.  The  author  visited  this  district  during  November  and  December, 
1911,  and  waB  afforded  every  facility  for  travel  by  the  oflBeers  of  the  Meii- 
can  Petroleum  CompaJiy,  Limited,  of  Delaware,  on  rail,  steamer,  and 
horse  through  several  hundred  miles  of  jungle,  seeing  and  examining  a 
large  number  of  petroleum  developments  and  seepages.  For  a  portion 
of  the  trip  the  party  was  accompanied  by  Setior  Ezequiel  Ordonez,  the 
diatinguished  Mexican  geologist  and  Fellow  of  this  Society,  whose  inti- 
mate knowledge  of  Mexican  geology,  and  especially  of  the  structural  con- 
ditions in  the  petroleum  fields  of  Mexico,  proved  of  great  value  and 
assistance  in  the  cursory  study  undertaken.  The  locations  of  the  prin- 
cipal oil  developments  along  the  Uulf  coast  of  northeastern  Mexico,  as 
well  aa  many  of  the  seepages,  are  shown  on  this  blue-print  map,  fur- 
nished the  writer  through  the  courtesy  of  Herbert  G.  Wylie,  of  Ebano, 

>  Uaniucrlpt  raeclTcd  bf  tha  BceratBry  ot  the  Socletj  December  31,  1012. 
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j^enera!  manager  of  the  Mexican  Petroleum  Company's  interests  in  the 
Kejiiiblic  and  one  of  the  ablest  business  men  in  the  petroleum  world. 

(JEOLOUY  OF  THE  MEXICAN   pETROLEUM   FiBLDS 

It  has  long  been  recognized,  both  by  geologists  and  practical  petroleum 
operatorg  who  lay  no  claims  [o  geological  knowledge,  that  disturbance  of 
the  BGitimentary  beds,  so  as  to  tilt  them  out  of  the  horizontal  position  to 
a  greater  or  leaeei'  extent,  ia  an  essential  factor  in  the  accumulation  of 
oil  and  gas  into  pools  or  deposits  of  commercial  value.  In  the  Appa- 
lachian fields  of  Pennsylvania,  West  Virginia,  Ohio,  Kentucky,  etcetera, 
these  disturbances  partake  of  the  character  of  anticlinal  and  synclinal 
waves  of  small  amplitude  practically  parallel  to  and  made  by  the  same 
orogenic  movements  which  created  the  vast  arches  and  folds  in  the  rocks 
of  the  Alleghany  Mountain  region.  The  same  structural  features  bold 
true  for  the  oil  regions  of  Indiana,  Illinois,  Oklahoma,  ("olorado,  Wy- 
oming, California,  etcetera,  and  also  hold  true  for  the  other  great  oil 
fields  of  the  world,  as  in  Kussia,  Rumania,  and  India.  Along  the  Qulf 
coast  of  Texas,  however,  as  illustrated  at  Beaumont,  other  factors  of  sedi- 
mentary disturliance  than  mountain -made  folds  in  the  earth's  sedimentery 
crust  come  into  play,  and  we  get  a  series  of  domes  where  the  rocks  dip 
away  from  the  highest  point  in  every  direction,  or  in  a  quaquaversal 
manner,  instead  of  the  anticlinal,  synclinal,  or  monoclinal  features  of 
geologic  structure  so  common  in  the  Appalaehtan  oil  and  gas  fields. 
The  formation  of  these  dome  structures  in  the  rocks  of  Texas  and  Lou- 
isiana is  explained  in  a  plausible  way  by  Prof.  Gilbert  D.  Harris,  former 
State  Geologist  uf  Ijouisiana,  as  due  to  the  immense  lifting  force  gen- 
erated in  the  crystallization  of  salt  in  the  vast  beds  of  this  mineral  which 
underlie  the  coastal  plains  region  of  the  States  in  question. 

In  passing  southwestward  from  Texas  into  the  Eepublic  of  Mexico  a 
third  agency  of  geologic  disturbance  of  the  sedimentery  beds  becomee 
operative,  namely,  the  uplifting  effects  of  volcanic  dikes,  necks,  laecolitcs, 
and  other  forms  of  igneous  activity  in  tilting  the  sedimentary  beds  into 
domelike  stnietnrfs,  fracturing  aud  faulting  even  the  close-grained 
shales  and  sending  tongues  of  porous  lava  into  them  in  such  a  manner 
as  to  make  large  reservoir  spaces  where  nonp  previously  existed,  and  per- 
mitting the  petroleum  and  its  accompanying  natural  gas  to  leak  upwards 
to  the  surface  as  seepages  very  often  in  immediate  contact  with  the 
basaltic  lava,  and  sometimes  through  jointe  of  the  lava  itself,  as  at 
Moralillo.  These  intrusions  of  volcanic  materials  have  accomplished  in 
the  Mexican  Gulf  coast  fields  what  orogenic  movements  and  crystalline 
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forces  have  done  in  creating  disturbance  and  tilting  of  sedimentary  beds 
in  the  oil  and  gas  ticldB  of  the  TJnited  States,  so  as  to  permit  the  small 
quantities  of  petroleum,  gas,  and  water  present  in  moat  undisturbed  sedi- 
mentaries  to  segregate  and  accumulate  into  reservoirs  of  commercial 
qaantity  and  value.  Seiior  Ezequiel  Ordonez,  who  joined  our  party  at 
Klonterey,  accompanying  it  as  far  as  Casiano,  and  who  communicated  to 
the  writer  freely  the  results  of  his  studies  of  the  Mexican  oil  fields,  be- 
lieves that  these  intrusions  of  volcanic  matter  in  the  shape  of  domes, 
I  idges,  etcetera,  along  the  Gulf  coast  are  of  quite  recent  date,  geologically 
speaking,  and  his  views  would  appear  to  be  confirmed  hy  the  topography 
of  the  basaltic  domes,  as  also  by  the  newness  and  character  of  the  prin- 
cipal seepages,  since  the  asphaltic  residua,  even  in  the  most  active  vents, 
have  not  accumulated  to  a  depth  of  more  than  20  to  25  feet.  Senor 
Ordonez  also  thinks  that  in  all  the  shallower  wells  which  do  not  penetrate 
to  the  Tamasopa  limestones,  the  parent  strata  of  the  petroleum,  that  the 
principal  reservoirs  have  been  created  by  the  intrusion  of  volcanic  debris 
in  a  porous  or  vesicular  condition  horizontally  into  the  shales,  thus  frac- 
turing them  and  forming  additional  reservoir  space. 

AOE    OF   THE    OlL-BEARlNO    STRATA 

There  can  be  practically  no  douht  that  the  mother  rock  or  main  reser- 
voir of  petroleum  along  the  Gulf  coast  of  Mexico  is  the  Tamaaopa  lime- 
stone of  the  Mexican  Cretaceous  terranes,  supposed  to  be  several  thousand 
feet  thick,  and  which,  rising  suddenly  out  of  the  plain,  makes  a  great 
wall  of  limestone,  the  first  rock  terrace  of  sedimentaries,  1,500  to  2,000 
feet  high,  which  we  encounter  in  going  from  the  Gulf  coast  westward 
toward  the  region  of  the  great  Mexican  plateau.  On  above  the  Tamasopa 
limestone  there  comes  in  a  series  of  flagg>'  and  shelly  limestone  beds 
interstratified  with  marly  shales,  the  whole  being  known  as  the  San 
Felipe  series,  with  a  thickness  of  400  to  500  feet.  The  limestones  of 
this  series  appear  to  hold  oil  at  times,  but  the  reservoir  may  be  from 
fractures  and  dikes  of  igneous  intrusions.  Succeeding  the  San  Felipe 
aeries  come  the  Mendez  marls  and  shales,  with  a  thickness  of  2,000  to 
3,000  feet,  which  make  an  excellent  cover  to  protect  the  underlying  oil 
deposits  from  all  escaping  to  the  surface  through  the  numerous  faults 
and  fractures  which  the  extrusion  of  basaltic  domes  and  dikes  has  ef- 
fected. These  two  formations — -San  Felipe  and  Menilez — Dr.  C.  \V. 
Hayes,  the  new  general  manager  of  the  Pieraon  oil  interests  in  Mexico, 
thinks  are  of  the  same  age  as  the  Laramie  beds  of  the  Vnited  States, 
namely,  intermediate  between  the  true  Cretaceous  and  Tertiary-. 
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Above  the  Mendez  beds  come  Tertiary  sandatoncs  and  shales  several 
hundred  feet  thick,  along  with  Quaternary  unconsolidated  deposits,  all 
dipping  toward  the  Gulf  coaat,  together  with  the  underlying  Mendez,  San 
Felipe,  and  Tamasopa  beds,  so  that  here  in  Mexico  we  appear  to  have  in 
ideal  form  the  three  conditions  under  which  petroleum  and  natural  gas 
can  accumulate  into  pools  of  commen-ial  value,  namely: 

(1)  Sedimentary  beds  tilted  into  domes,  anticlinals,  monoclinals,  and 
other  forms  of  relief. 

(sj)  Very  porous  rocks  and  large  reservoirs,  either  in  the  Tamaaopa 
limestone,  "with  much  cryBtalline  and  solution  cavities,  as  indicated  by 
specimens  of  limestone  thrown  up  by  the  oil  and  gas  flows,  and  also 
much  reservoir  space  in  the  Mendez  and  San  Felipe  beds  through  intru- 
sion of  dikes  and  Btlls  of  perhaps  vesicular  basalt  breaking  and  fracturing 
the  sedimentnriofl  and  adding  to  the  reservoir  space  in  the  shales  through 
pulsating  movementa  of  these  intruded  igneous  masses  during  periods  of 
active  eruptions,  aa  believed  by  Ordonez, 

(3)  An  impermeable  cover,  San  Felipe  and  Mendez  beds,  with  much 
clay,  marl,  and  close-grained  shales,  and  only  permitting  the  oil  and  gas 
to  get  up  to  the  surface  in  smalt  quantities  along  narrow  fissures,  faults, 
and  crevices,  where  fractured  by  the  upthruet  of  basaltic  dikes  and 
batholites. 

That  the  Tamasopa,  or  "basalt  limestone"  of  tlie  drillers,  is  the  real 
source  of  the  petroleum  in  these  Mexican  fields  appears  to  be  amply 
demonstrated  by  the  fact  that  all  the  large  gushers,  like  Nob.  6  and  7 
Casiano  and  the  famous  Potrero  del  Llano  well,  obtain  their  oil  in  the 
top  of  this  great  limestone  formation. 

Records  of  the  Casiano  Wells 

The  character  of  the  beds  overlying  the  Tamaaopa  limestone  is  shown 
by  the  following  records  of  Casiano  wells  Nos,  6  and  7  and  some  from 
near  Ebano: 

Juan  Coxlano  Well  So.  S 

Top  Started  drilling  April  7.  1910 

Feet    In. 

0  Yellow  clay. 

35  Gray  shale. 

60  Spudding  bit  unscrewed. 

76    7  Landed  Ifl-lncb  casing. 

250  Put  In  1214-Inch  casing. 

313  Bad  tiole;  fllled  bnle  up  to  05  feet  April  2iL 

270  Bad  hole;  fliled  hole  up  to  235  feet;  hole  straightened  up  Uay  12. 
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Juan  CmIwo  Well  No.  0— CoDtinned 
Feet     In. 

6S0  J2i^-liicb  collar  boiiDd;  pulled  c&elng  15  Joinls  to  free  it. 

890  Cable  broke  (flsbing  Job). 

803  Bbell. 

993  Landed  12^-lncb  casing  May  28. 

ees  Sbowlng  of  oil. 

1.03&  Sbowlng  of  oil. 

1.880  SbowInK  of  oil. 

1,960  ahowlDg  of  oil  and  gas. 

2.100  Mnd  tbat  freezes  the  pipe. 
2.118    0    10-lncli  casing  froze  Jnl7  1,  1910. 

2.150  Toole  stnck ;  line  came  oat  of  aockst. 

2,156  Brown  ahale. 

2.ie0  SbowluK  of  oil. 

2.173  Qray  sbale. 

2.258  Brown  sbale. 

2.287  Landed  S-inch  casing. 

2,316  Sand;  abell. 

2,319  Light  bine  shale,  showing  of  diIcb. 

2,324  Graj-  sandy  abelL 

2,339  Limestone. 

2,363  Oil,  Jnlj-  26,  1910. 

Shut  in  after  pToducing  about  ISO.OOO  barrels  of  oil  in  15  days  and 
increasing  from  8,000  barrels  the  first  day  to  over  14,000  on  the  last,  or 
September  10. 

Juan  Caiiano  Well  Xo.  7 

Top  Started  drilling  June  18.  1010 


0 

Yellow  clay. 

3S 

Oroy  sbale. 

76 

Landed  the  16-Inch  easing. 

100 

Lime  shell. 

102 

Gra7  shale. 

213 

Pot  In  12>i-lncb  casing. 

322 

Cable  broke  (Qabing  Job). 

sei 

ShelL 

863 

Gray  shale. 

1.011 

Landed  12H-in<^h  casing  July  17,  1910. 

1.073 

Sandy  shell. 

1.076 

Gray  shale. 

1,110 

Sandy  sbetl. 

1.112 

Gray  sbale. 

1.125 

Black  sand  shell  lunderreaiuetl). 

M37 

Gray  shale. 

1.170 

Sandy  sbelL 
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Juan  CiMiano  Well  No.  7— Continued 


1,17.-. 

Griij-  shnle. 

1.294 

1.29« 

Gray  xlmle. 

1.342 

Sandy  shell  (uuderreamed). 

I.34S 

(Srny  shnle. 

1.484 

Shelly. 

1.508 

Gray  nbale. 

1.538 

Shelly. 

1,5.56 

Gnty  shale. 

1,782 

Cable  broke  (Hsblng  Job). 

1.992 

Bron-n  sbale. 

2.040 

Gray  sbale. 

2.070 

LIgbt  blue  sbale,  sbowlng  of  mica. 

2.078 

Gray  sbnle. 

2.108 

8    Lauded  lO-lnch  casing. 

2.107 

Lime. 

2.112 

Oil.  September  11,  1910. 

Production  to  April  16,  1913,  20,697,000  barrels,  and  still  flowii 

aa.OOO  barrels  ilniiy  under  a  pressure  of  281  pouiide. 

Laguna  No.  2 


S5  Slate. 

105  Sbale. 

ir->5  Sbale. 

175  ShellH. 

190  Hard  nhells. 

210  Slate. 

230  Shale, 

270  Shale. 

310  Shale. 

620  Sbale. 

645  Mud. 

740  Shale. 

770  Slate. 

78.^  Sbale. 

705  Slate. 

805  Sbale. 

Sfi-T  Shale. 

800  Shale. 

900  Slate. 

950  Slate. 


975 

Slate. 

1,005 

Slate. 

1,040 

Sbale. 

1.135 

Slate. 

],ino 

Slate. 

1.165 

Hard  slate. 

1.185 

Shells  and  mud. 

1,215 

Shells. 

1,230 

Shale. 

1.270 

Shale. 

1.290 

Shells. 

1,310 

Struck  some  oil. 

1,325 

Shale. 

1,330 

Rock. 

1,460 

Shale. 

1.490 

Lime  and  shale. 

1.500 

Limestone. 

1.505 

Sbale. 

1.510 

Limestone. 

1520 

Lime  rock. 

1.544 

Well  flowing  October' 

1906. 
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Top 

Lacuna  So.  3 

F«t 

Part 

10 

Doby  8bale. 

U15 

Gray  sbale. 

45 

Yellow  clay. 

1,295 

Gray  ahala 

75 

Sfaale. 

1,360 

Gray  sbale. 

M 

Blue  Bbale. 

1,424 

Gray  Bbale. 

130 

Shale. 

1.436 

Gray  Bbale. 

ITS 

Gray  ataale. 

1,406 

Gray  rock.                        ^ 

107 

ShalP. 

1,508 

Gray  Bbale. 

211> 

Gray  ahale. 

1.600 

Hart. 

242 

Shale. 

1,«20 

Gray  ahale. 

272 

Gray  shale. 

1,685 

Gray  shale. 

304 

Shale. 

1,710 

Hard  shells. 

334 

Gray  ahale. 

1,760 

Shells  and  shale. 

35S 

Gray  ahale. 

1.820 

Gray  rock. 

383 

Gray  ahale. 

1.860 

White  sbale. 

429 

Gray  ahale. 

1,885 

Oil  and  gas. 

475 

Brown  shale. 

1.03.1 

More  ell  and  gns. 

am 

Gray  ahale. 

1.040 

niilte  Bhnle. 

G8Q 

Gray  ahale. 

1.074 

Llfcbt  shale. 

7«0 

Hard  gray  ahale. 

1.1W7 

White  Bhale. 

820 

Gray  shale. 

2.C;74-2.0S8 

Lime, 

855 

Gray  shale. 

2,090 

White  ahale. 

ftlO 

Gray  shale. 

2.180-2.1111 

Lime. 

980 

Gray  Bhale. 

2,225 

Ume. 

1.035 

Gray  ahale. 

2JM5 

Well  flowing  Octolwr  10. 

1,155 

Gray  ahale. 

1007. 

1.15S 

Blue  Bbale. 

Top 

Laguna  Jio.  17 

pMt 

Feet 

1-63 

Blue  mud. 

1,058 

Blue  Bhnle. 

142 

Light  Rbale. 

1.255 

Light  Bhale. 

148 

Blue  alate. 

1..<105 

Light  Bbale. 

189 

Light  shale. 

1.355 

Light  Bhnle. 

241 

Llgbt  sbale. 

1.426 

Light  Bhnle. 

330 

Light  shale. 

1.448 

401 

Pink  rook. 

1.479 

Blue  Bbale, 

410 

Blue  elate. 

1.507 

450 

Pink  rock. 

1.533 

Lime  Bbells. 

4»0 

Pink  rock. 

1.560 

Light  shale. 

573 

Light  ahale. 

l.fiH 

Lime. 

B2» 

Blue  Bhaie. 

1.638 

Blue  ahale. 

«86 

Sbellfl. 

1.661 

Lime  shale  and  ehells. 

721 

Pink  elate. 

1.692 

Lime  shale  and  shells. 

804 

Light  Bbale. 

1.720 

Light  shale. 

841 

Blue  Blate. 

1.742 

Lime. 

880 

Light  Bhnle. 

I.T.'i* 

Shale. 

fiG5 

Blue  shale. 

1.760 

Shale  and  shellf. 

1.000 

Blue  Bliale. 

l.HfO 

Hard  buie  rock. 

1.P28 

Blue  Bhnle. 

1.780 

Well  flon-lng  April  30,  1009 
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Top 

La  hex  No.  1 

Feet 

FeM 

t-330 

Hard. 

1.000 

Sbale. 

480 

Shale. 

1.080 

Sbale. 

S33 

Shale; 

1.120 

Shale. 

S70 

Sbale. 

1.100 

Sbale. 

020 

SlMle. 

1.1(10 

Shale,  with  Dttle  oil. 

640 

Shale. 

1.106 

Shale. 

70B 

Sbale. 

1,200 

Hard  sbnle. 

750 

Shale. 

1..-W0 

Sbnle. 

790 

Sbale. 

1.386 

Strack  oil. 

836 

Sbale. 

1.806-1.445 

Sbale  aud  oil. 

880 

Shale. 

1.(150 

Well  tlon-liiR  since  Aiirll 

039 

Shale. 

1004. 

La  I'M  No.  i 

Top 

Feet 

Feet 

30 

"Dobj." 

750 

Sbale. 

48 

White  shale. 

765 

Red  roc-k. 

80 

White  Bhale. 

705 

Shale. 

127 

Bine  Khale. 

820 

Shale. 

107 

Bine  sbale. 

870 

Sbale. 

170 

Bbsle. 

020 

Shale. 

210 

Bine  shale. 

»»0 

Shale. 

806 

Gray  sbale. 

1.070 

Shale. 

388 

Bine  abate. 

1.190 

Sbale. 

400 

BrowD  sandy  sbale. 

1.260 

Shale. 

441 

Sandy  ibale. 

1.316 

Sbale. 

406 

Red  sbale. 

1,360 

Blue  sbale. 

480 

LltUe  sbowlng  of  oil. 

1,416 

Sbale. 

eio 

Sbale. 

1.440 

Sbale. 

640 

Blue  Bhale. 

1.465 

Shale  and  sand. 

662 

Sbale. 

1.500 

Shale  and  sand. 

682 

Sbale. 

1,540 

Sbale  and  sand. 

688 

Sbale. 

1.(160 

Sbnle    Shale  np  to 

700 

Shale. 

2.010 

Well  flowlDK  Jannary  11 

745 

Red  rock. 

1906. 

La  Pes  No.  6 

1M8               Fe«t 

Feet 

Formation 

November  20        28  to 

40 

Soft  wblte  BbBle. 

21         40  •' 

K) 

Soft  white  shale. 

22         M   •■ 

100 

White  Bbale. 

23       100  " 

230 

White  sbale. 

24       230   " 

300 

Soft  brown  sbale. 

26        300    ■■ 

360 

Soft  brown  sbale. 

27        360   '■ 

372 

Soft  white  shale. 

20        372    " 

447 

Brown  shale 

30       447    " 

625 

Brown  sbale 
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La  Pet  tin.  6 — CoDUnued 


1008 

Feet 

Feet 

Formation 

December    1 

625  to 

735  White  abale. 

3 

735    " 

746 

White  Shale. 

4 

945    '■ 

1.058 

SlKlls  and  slute. 

5 

1.058    •' 

1,136 

Haril  white  shale. 

6 

1.136    " 

1.200 

White  shale. 

7 

1.200    " 

1.265 

White  sliale. 

8 

1.265    " 

1.300 

White  shale. 

]2 

1.300    " 

1.350 

Wtilte  sbale. 

13 

1.350    " 

1.42r, 

Lime,  shells,  nnd  alate. 

14 

1.425    " 

1.470 

White  lime  shellB. 

15 

1.470   '■ 

1.518 

Hard  lime  ebells  and  white 

alatt 

16 

1.518    " 

1.543 

Hard  white  shale. 

17 

1.543    " 

1.563 

Hard  shells  and  niate. 

10 

1,5«3    '■ 

1,570 

000  feet  or  oU  In  bole. 

22 

1.570    '* 

1,586 

Hard  lime. 

23 

1.596    " 

1.R46 

White  slate  ai^d  shells. 

24 

1.045    " 

1.680 

Hard  lime  shells. 

2S 

1.680    " 

1.702 

Lime  shells. 

2B 

1.702    " 

1,738 

Hard  white  shale. 

27 

1.738    '■ 

1,751 

Hard  lime  shells. 

28 

1,761    " 

1.764 

Hard  shells. 

30 

1.764    •■ 

1,802 

Lime  shells  and  slate. 

31 

1.802   " 

1,832 

Hard  sbella  and  slate. 

'   1.866    Slate  and  shells. 
1.886    Well  flowing. 


Feet 

30  Surface. 

52  Clflf. 

67  Hard  gray  shale. 

75  Lime. 

106  White  shale. 

132  White  shale. 

144  White  sbale. 

154  Red  slate. 

204  White  sbale. 

320  Qrar  Sbale. 

360  Blue  slate. 

386  Qray  sbale. 

Two-foot  crevice. 

400  White  slate. 

445  White  slate. 

488  Wblt<>  llme- 

508  Crevice  with  oil. 

513  White  Iliiie. 


Feet 

566  White  aliale. 

noo  White  shale. 

635  Blue  slate. 

660  Bine  slate. 

660  White  slate. 

Crevice  witli  oil, 

673  White  shale. 
Crevice. 

600  White  slate. 

606  Gas  crerice. 

726  White  shale. 

772  White  shale. 

■  797  White  shale. 

895  White  sbale. 

920  Qray  shale. 

IHO  White  sbale. 

983  Blue  sbnie. 

1.024  White  sbale. 
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Chljol  No.  4— Cootlnued 


1.17(1 

White  shale. 

1,597 

White  shale. 

1.2W 

White  sbale. 

l.Sll 

Gray  shale. 

1.270 

UHilte  ebnle. 

1.628 

Struck  more  oil. 

l-W? 

White  sbale. 

1.S33 

Hard  shale. 

1.373 

Hard  Bhale. 

l.(«0 

Hole  fiUiag  ap. 

1.400 

White  slnte. 

1.045 

Hard. 

1,407 

White  slate. 

l.«55 

Well  flowing  Noveint>er  12. 

1.410 

Crevire  with  oil. 

1009. 

1.444 

Oil,  very  hard. 

1.665 

Hard. 

1,616 

Hard  shells. 

1,603 

White  sbale. 

1.524 

Aery  hanl. 

1.741 

Oil   and  gas.   Jsnuary   I!). 

Pumplnfc  oil. 

1010. 

l,5fi7 

With  oil  (white  shale). 

*■■*'>' 

Vo.  5 

Fe«C 

25 

Yellow  clay. 

1,100 

Hard. 

30 

Gray  shale. 

1,102 

Soft 

35-45 

Hard  rock. 

1,104 

Hard. 

52 

Black  shale. 

1,124 

Light  sbale. 

70 

Black  hard  rock. 

1,155 

Hard  shale. 

85 

LlKht  hard  shale. 

1,202 

Limestone. 

103 

Hard  gray  rock. 

1.217 

Hard  Bhale. 

107 

Brown  shale. 

1.263 

Light  shale. 

116 

Hard  Bhell. 

1.310 

Light  Bhale. 

119 

Lavs  rock  (basalt). 

1.370 

Light  shale. 

123 

Crevice  with  oil. 

1.415 

Hard  shale. 

137 

Brown  sandy  Bhale. 

1.433 

Soft  Bhale. 

205 

Shale. 

OH. 

223 

Brown  shale. 

1.468 

Gray  shale. 

230 

More  oil. 

1.500 

Light  shale. 

248 

Very  hard. 

1.530 

Gray  shale. 

2S6 

Hard  shell. 

1.639 

Gray  sbale. 

sal 

Very  hard  shell. 

1.664 

White  shells. 

344 

Hard  rock. 

1.735 

Hart. 

348 

Fine  shale. 

1.741 

Soft. 

374 

Hard  shell. 

1,766 

Light  sbale. 

520 

Hard  shell. 

1.843 

Hard  gray  rock. 

785 

Verj  hard. 

1.866 

Shale  and  shells. 

SOO 

White  shell    (caving). 

1.900 

Blue  shell. 

825 

Shale. 

1.944 

Soft  Bhale. 

842 

Grar  shale. 

1,993 

Hard. 

844 

Soft  shale. 

2.019 

Shale  and  shells. 

868 

Light  shale. 

2.034 

Herd. 

fllS 

Gray  shale. 

2,044 

Hard. 

!)!)5 

White  sbale. 

2,069 

Hard  sbale. 

1.000 

Lime  rock. 

2,002 

Hard  shale. 

1.<(i2 

Hurd. 

2,012 

Well  flowing  March  12, 

i.o:)2 

Hard  shale. 

1911. 
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These  several  records  give  a  fair  idea  of  the  lithologicat  character  of 
the  eediments  for,  aaj,  2,300  feet  above  the  Tamasopa  limestone.  There 
appear  to  be  two  horizons  marked  by  red  or  pink-colored  shales,  the 
higher  of  which  is  seen  cropping  at  the  surface  near  the  large  concrete 
reserroir  at  Ebano,  and  also  in  Chapopote  Qulch,  while  the  lower  red 
horizon  Is  ehowa'iit  Pez  No.  4  at  a  depth  of  745  feet.  This  latter  horizon 
was  also  noted  in  Laguna  No.  11  of  the  Ebano  field  at  a  depth  of  721  feet. 

Well  No.  5,  at  Chijol,  near  Ebano,  had  a  peculiar  experience.  It  was 
started  at  a  large  seepage  and  struck  basalt  at  50  feet.  It  was  then 
moved  several  feet,  but  again  struck  the  basalt,  and  was  moved  a  few 
more  feet  to  a  third  location,  where  the  dike  was  struck  at  116  feet, 
which,  after  great  difficulty,  the  drill  finally  penetrated,  SI  feet  lower, 
and  entered  the  shales  as  shown  in  the  drillers'  record  of  No.  5,  Chijol. 

These  records  also  reveal  the  fact  that  oil  can  be  found  at  most  any 
depth  even  in  the  shales,  wherever  the  drill  strikes  a  fissure,  fault,  or 
porouB  layer  in  it«  descent. 

The  character  of  the  "oil  sand"  or  reservoir  rock  was  not  observed,  as 
none  of  it  had  been  preserved ;  btit  Doctor  Hayes  says  that  fragments  of 
limeetone  thrown  out  of  the  great  Potrero  del  Llano  well  give  evidence 
of  much  erosion  or  solution  cavities. 

Ail  interesting  feature  connected  with  those  wells  flowing  hot  salt 
water  is  the  formation  of  limestone  balls  or  spheres  filled  with  a  regular 
lace-work  of  branching  cavities  very  much  resembling  coralline  growth. 
Doctor  Hayes  attributes  the  formation  of  these  spheres  to  the  lessened 
solubility  of  the  gradually  cooling  water  on  its  passage  up  the  oil-well 
venta.  Many  of  these  spheres  from  V^  inch  to  5  inches  or  more  in 
diameter  have  been  thrown  out  of  the  Dos  Bocas  hot  water  well,  as  also 
from  La  Pez  No.  6.  The  deposition  of  the  lime  probably  begins  around 
some  nucleus  of  foreign  matter,  but  Dr.  Geo.  P.  Merrill,  of  the  National 
Museum,  who  examined  several  of  these  balls,  could  find  but  little  evi- 
dence of  any  distinct  nucleus.  The  following  notes  and  illustrations  of 
these  concretions,  kindly  made  for  this  paper  by  Doctor  Merrill,  will 
prove  of  much  interest : 

'I  have  examined  tbe  concretions  from  ttie  Mexicnn  oil  wells  wltb  a  good 
(leal  ot  Interest  and  have  to  state  as  follown: 

"The  general  external  lorm,  as  readily  noted,  is  either  spherical  or  oval, 
tbe  surface  being  at  times  nearly  smooth  or  again  rontalalng  numerous  per- 
forations of  a  millimeter  or  more  In  diameter.  Cut  through  the  center,  they 
sbow  concentric  layers  of  calcium  carbonate,  some  of  wbich  are  nearly  white 
In  color  and  very  pure,  and  others  so  atnlned  with  bituminous  matter  as  to  he 
almost  black  (plate  f>,  Bgurex  1  to  R).  The  bituminous  matter  sometimes 
impregnates,  quite  unlfonnl.v.  various  layers  of  the  contrretloii.  but  Is  more 
commonly  contained  in  elongated  cavities,  from  1  to  10  or  more  millimeters  In 
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lengtb,  arrauKed  with  their  Iflnger  axes  radiating  from  the  (.-eitter  toward  tlie 
circumference  like  spokes  of  a  wheel  (plate  10.  Qgure  3).  These,  otie  mifcbt 
Infer,  were  farmed  by  tbe  ellniliiatlon  of  the  petroleum  from  the  fluid  In 
wblcb  tbe  concretion  'Waa  forming.  Tbe  perforatlona  on  tbe  outer  shells  of 
some  of  tbe  concretions  are  evidently  due  to  tbe  fact  that  the  cavities  tiad  not 
iiH  .vet  become  sealed  by  the  further  deposition  of  lime  (plate  6,  figure  4). 
Certain  Irregular  forms  lllie  tbat  shown  In  plate  9,  Igure  3,  bave,  however, 
the  appearance  of  having  been  irregularly  corroded  since  the  conctetton- 
formlog  process  ceased,  wttereby  a  part  of  tbe  material  lias  t>een  redlssoived 
and  tbe  cavity  waits  etcbed  and  greatly  enlarged.  These  latter  forms,  it 
stiould  be  stated,  are  so  beavlly  charged  tbroughout  with  petroleum  as  to  be 
almost  black  from  core  to  circumference. 

"I  find  in  but  two  rases  any  trace  of  a  foreign  body  which  would  serve  as  a 
nucleus,  and  In  these  cases  tlie  material  Is  a  mere  pluhead  of  fermgtnous 
and  clayey  material.  lu  all  others  the  material  Is  lime  carbonate  througbout 
witb  the  exertion  of  tbe  bitumen,  and  goes  readily  Into  solution.  This  lack 
of  an  appreciable  nucleus  Is  not  surprising,  in  tbe  present  stnte  of  our  knowl- 
edge of  concretionary  formatloii. 

"Dr.  T.  Wayland  Vaughan  has  called  my  attention  to  the.  work  of  Q.  X^lnck 
and  others,  since  corroborated  by  himself  through  observations  on  ttie  forma- 
tion of  tbe  oolitic  limestone  on  tbe  Bahamas,  where  the  lime  Is  first  thrown 
down  chemically  hy  tbe  Increasing  alkalinity  of  the  water  caused  by  bacterial 
action.  Though  apparently  thrown  down  as  an  auiorphous  powder,  It  soon 
t»eglns  to  gather  into  the  form  of  mluute,  almost  microscopic  concretions  with- 
out a  trace  of  nucleal  material — Indeed,  In  water  In  which  no  foreign  mate- 
rial la  present.  '.  f 

"Under  the  microscope  these  Mexican  concretions  show  simply  concentric 
layers  of  radiating  lime  carbonate,  tbe  layers  varying  souiewbat  in  d^ree  of 
ctystalllKatlOD,  but  tbe  material  lu  all  cases,  so  far  as  the  cobalt  nitrate  test 
can  be  relied  upon,  being  caldte  and  not  aragonlte. 

"Concerning  tbe  conditions  under  which  tbey  are  formed  you  are  better 
Informed  than  am  t.  Tbe  rate  of  growth  is  evidently  very  rapid ;  othem-lse 
tbe  bituminous  material  would  be  excluded.  It  is,  however,  evident  that  tliey 
are  not  all  formed  in  one  continuous  process,  as  on  breaking  the  material  fnlls 
away  In  shell-like  forms  showing  surfaces  coated  with  bitumen,  and  In  one 
case,  as  shown  In  plate  G.  there  is  lu  the  center  n  small  concretion  of  only 
3  or  4  millimeters  in  diameter,  wlille  toward  the  smaller  end  of  tbe  oval  are 
five  starting  points  from  which  crystallization  radiated  upward  for  a  little 
more  than  half  the  length  of  the  siteclmen.  At  that  point  crystal tixatlon 
seems  to  have  stopped  and  then  begun  ngaln  at  three  different  points,  and 
continued  upward  for  a  uiaxlmum  distance  of  a  little  over  25  millimeters. 
Then  the  process  seems  to  have  stopped  again,  and  Anally  concluded  with  tbe 
formation  of  coDcentric  layers  about  tbe  whole  mass,  which  was  continued 
until  the  present  size  and  form  were  aasumed." 

CHAKAOTER  of  TEE   OiL 

Tbe  petroleum  found  in  the  region  examined  has  an  asphalt  base  and 
Tariee  in  gravity,  Baum4,  from  10^^°  to  13°  in  the  Ebano  district  to  21° 


Digitized  bvGoOgIc 


C  ROBS-SECT  ION  O 


Digitized  bvGoOgIC 


Di„i6.db,Googlc 


CHA&ACTEft  OF  THE  OIL  265 

at  Caeiauo,  nod  is  therefore  a  typical  fuel  oil.  The  heavier  oil  occurring 
at  Ebano  is  specially  valuable  for  the  manufacture  of  a  high-grade  aa- 
phalt,  and  this  is  being  done  at  the  Ebano  refinery,  where  the  yield  of 
this  product  ia  about  46  per  cent,  the  65  per  cent  of  distillates,  after  3  to 
5  per  cent  of  55°  to  57°  gasoline  ia  distilled  off,  being  sold  to  the  Waters 
Pierce  refinery  or  used  as  fuel  oil. 

Mr.  W.  L,  Qarrett,  the  oil  expert  who  examined  the  Mexican  oil  fields 
for  the  Hellon  interests  of  Pittsburgh,  Pennsylvania,  during  March,  1911, 
collected  two  Bamplea  of  oil  from  Casiano  well  No.  7,  and  these,  as 
analyzed  by  the  Gulf  Refinery  and  reported  by  Mr.  Garrett,  gave  the 
following  results: 

ifuof  tectt  Oil 
Casiano  Field.  Well  No.  7 
Sample  No.  1 
Gravity.  19.4'  Baam^.  Pour,  0. 

Flash,  80.  B,  8.,  3  per  ceat. 

Viecoelty.  460  B.  O.  T.  B.  T.  U..  per  pound,  19,124. 

Sulpbnr,  i.dS  per  cent 

Fractional  Dlsttllatlon 
Temptrstarv  Per  cent  Oravlt; 

Over  at  2S9'-380° 10  58.7 

Over  at  aX'-im' 10^ 

Over  at4«8°-600' 1(  **■* 

Total: 

Dlstlllstea    21  S1.5 

78  13. B :  pour.  40 


100 
Sample  No.  2 
Gravity.  19.8°  Baurae.  Pour,  0. 

Flaeb,  96.  B.  S.,  2  per  cent 

VlacoBity,  500  B.  O.  T.  B.  T.  U.,  per  pouud. 

Snlpbur,  2.08  per  cent 

Fractional  Dlaailatton 


Per  cuDt.     Qravltjr. 

Over  at  244'-*00» 10  B7.8 

Over  at  400"-i98' lO.OJ 

Over  at  4»3°-600" 0.6(     *°-^ 

Total: 

DiBtlllatee 20.6        BO. 8 

Raaldue  78.5        13.4 

Loss  9 

100.0 
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The  oil  cootaing  sulphuretted  hydrogen  as  well  aa  carbon  dieulphide, 
and  hence  the  gases  vhich  issue  with  the  oil  are  very  poisonous,  several 
Mexicans  having  been  asphyxiated  when  breathing  them  to  the  exclusion 
of  air.  These  sulphur  compounds,  however,  do  not  interfere  with  the 
use  of  the  oil  for  fuel,  since  the  B.  T.  U.  is  very  high  (19,124  and 
19,160),  and  in  refining  and  in  the  manufacture  of  gas  for  illuminating 
purposes  the  sulphur  can  be  readily  removed  by  well-known  processes. 
This  oil  is  very  successfully  used  for  the  manufacture  of  illuminating 
gas  in  the  city  of  Mesico,  and  when  used  for  making  steam  at  the  gas 
works  in  question  an  evaporative  capacity  of  16  pounds  of  water  to  even' 
pound  of  oil  is  the  regular  result,  thus  giving  a  ven'  high  rate  of  efficiency 
for  steam  and  general  fuel  puqioses  and  insuring  a  constantly  enlarging 
market  wherever  coal  commands  a  fair  price,  since  3*4  barrels  of  this 
oil  equals  in  heating  value  a  ton  of  good  coal.  The  oil  is  very  dark,  and 
at  Ebano  has  a  temperature  of  105°  Fahrenheit,  110°  at  Casiano,  and 
133°  at  Potrero  del  Llano,  as  reported  by  Mr.  Weaver,  the  superintendent 
in  charge  (although  Dr.  David  T.  Day,  in  "Petroleum  Statistics  for 
1910,"  reports  the  temperature  of  the  oil  at  147°). 

Production  of  the  Wells 

The  first  well  to  produce  oil  in  large  quantities  on  the  properties  of 
the  Mexican  Petroleum  Company,  Limited,  is  known  as  I^  Pez  No.  1, 
about  2  miles  from  Ebano  Hill.  It  came  in  as  a  flowing  well  April  3. 
1904,  and  still  continues  to  flow  at  the  rate  of  300  to  1,000  barrels  daily. 
The  following  tabular  statement  taken  from  the  books  of  the  Mexican 
and  Huasteca  Petroleum  companies,  both  of  which  are  owned  by  the 
Mexican  Petroleum  Company,  Limited,  of  Delaware,  gives  the  date  of 
completion  and  total  production  to  the  date  given  of  each  producing  well 
on  all  of  the  properties: 

Statement  of  Production  of  Ebano  and  Cheiaiio  WeUx 

Wall  -  •  Buirrl* 

Pez  No.  1,  from  ^pril  3,  1904.  to  November  30,  )»I1 3,178,903 

Pez  No.  3,  from  October  ^4,  190&,  to  September  6,  1911 4,342 

Pez  No.  4,  from  July  20,  1906.  to  December  21,  1911 1,160,194 

Pel  No.  5,  from  April  I,  1906.  to  November  30.   1911 366,551 

Pel  No.  6,  from  January  2,  1909,  to  November  30,  1911 1,323,837 

Pei  No.  7,  from  December  1.  1910,  to  November  30,  11111 20.638 

Lagnna  No.  2,  from  November  7,  1906.  to  November  30,  1911 750,240 

Laguna  No.  3.  from  April  2,  1907,  to  Kovember  30,  191 1 894.597 

Lagnna  No.  4.  from  April  22,  190S,  to  September  6, 1911 237,571 

Laguna  Na  5,  fh>m  May  17.  1900,  to  January  8,  1911 02,810 

Laguna  No.  7,  from  June  20,  lOOS,  to  August  30,  1911 930,858 

Laguna  No.  10,  from  July  9,  1908,  to  August  30,  1911 156,942 
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SatfiMnt  of  Production  of  Ebatio  and  Chiiano  Wells— CoiiUimtd 

Laguna  No.  II,  from  September  17.  1908,  to  November  30,  1911 131,426 

Laguna  No.  14,  from  Febniary  2.  1909,  to  November  30,  191 1 321,691 

LagunaNo.  17,  from  May  19,  III09,  to  November  30,  1911 71,512 

l^agunaNo.  19,  fromMay  17,  1909  toJiinuiiry  S,  litll SO.ltiO 

Laguna  No   21,  rroin  August  II,  1910,  to  Aui^uaC  30,  1911 a9,26S 

L<^funaNo,  22,  froin  July  18,  1909,  to  January  8,  1911 62,070 

Laguna  No.  23,  from  January  S,  IQIO,  to  JiinuaryB,   1911   Il,2o0 

LagonaNo.  26,  from  March  30,  1910,  to  January  8,  1911 16.240 

Laguna  No.  27,  from  July  7,  1910,  to  August  30,  1911 83,400 

Dicha  No.  6,  from  February  1,  1909,  to  January  15,  1911 38,413 

Dicha  No.  8,  from  Jatiunry  20,  1901),  to  August  30,  lull 92,694 

Dicha  No.  17,  from  July  30,  1910,  to  August  13,  1911 15.071 

Chijol  No.  2,  from  December  22,  190.1  to  February  3,  1910 20,400 

Chijol  No.  4,  from  December  22,  1900,  to  November  30,  1911 422,639 

Chijol  No.  5.  from  June  1,1911,  to  November  27,  1911 I30,ftj0 

Total  Ebano  production 10,653,822 

CeiBiano  No.  1,  fhrni  March  22,  1910,  to  August  14,  1910 '.-7,238 

CasiaDO  No.  2,  from  January  11,  1910,  to  August  14,  1910 29,743 

Caatano  No.  6,  from  July  26,  1810,  to  August  10,  1910 150,000 

Casiauo  No,  7,  from  September  7, 1910,  to  December  15,  1912 19,000,000 

Total  Casiano  production 111,206,981 

Total  Ebano  production 10,663,822 

Grand  total 29,860,803 

This  table  is  of  much  interest  as  exhibiting  the  total  production  of 
individual  wells,  from  the  first  one,  Fez  No.  1,  April  3,  1904,  up  tothe 
last,  Chijol  No.  5,  completed  June  1,  1911.  The  star  wells  of  the  two 
groups  are,  of  course,  Fez  No.  1,  at  Ebano,  and  No.  7,  at  Casiano,  the 
former  still  flowing  300  to  1,000  barrels  daily  in  spite  of  water  invasion 
from  it«  near-by  neighbor,  No.  6,  although  7Yi  years  old,  and  the  latter, 
Casiano  No.  7,  after  having  put  19,000,000  barrels  into  tankage  in  only 
two  years  and  a  quarter,  continuing  to  flow  at  the  rate  of  33,000  barrels 
daily,  accompanied  by  an  output  of  10,000,000  to  ia,000,000  feet  of  gas, 
the  oil  being  entirely  free  from  water,  while  only  one-half  mile  distant 
is  its  companion.  No.  6,  which  was  producing  at  the  rate  of  14,000  bar- 
rels and  increasing  daily  when  it  was  successfully  closed  in  August  10, 
1910.  An  attempt  was  also  made  to  shut  in  No.  7,  but  the  seepages 
around  and  near  it  began  to  spout  oil  at  the  rate  of  2,000  to  3,000  barrels 
daily,  and  hence,  for  fear  of  another  Dos  Bocas  blow-out,  Mr.  Wylie 
opened  up  the  well  and  then  gradually  closed  the  gate  valve  until  the 
preasnre  registered  only  290  pounds  to  the  square  inch  instead  of  585 
pounds,  the  rock  pressure  of  the  well  and  the  same  as  that  shown  at  No.  6, 
XIX— Bdu~  Qsol.  Soc.  At;  Vol,  24, 1912 


Digitized  bvGoOgIC 


268      I.  C.  WHITE — PETROLEUM  FIELDS  OF  NORTHEASTEKN  MEXICO 

which  has  remaioed  at  that  figure  ever  since  it  waa  closed  in,  twenty-seven 
months  ago.  Under  this  pressure  (S90  pounds)  No.  7  produces  oil 
(33,000  barrels  daily)  as  fast  as  the  company  can  take  care  of  it  by  sale 
and  storage,  and  for  that  reason  Noe.  1  and  S  and  6  were  shut  down  and 
drilling  operations  practically  abandoned  in  other  portions  of  the  com- 
pany's Gstensive  holdings,  in  order  that  its  entire  resources  could  be  de- 
voted to  taking  care  of  the  flood  of  oil  which  was  pouring  from  No.  ?, 
although  closed  in  as  much  as  possible.  For  this  reason  wella  Nos.  1  and 
2  at  Casiano  were  shut  down  on  August  14,  1910,  since  they  were  pump- 
ing wells,  and  have  not  been  operated  since,  although  No.  1  had  produced 
an  average  of  188  barrels  daily,  and  No.  2  an  average  of  138  barrels. 
Other  wells  in  the  Ebano  district  were  also  shut  in  when  possible  and 
not  opened  again  for  several  months.  One  of  these  was  La  Pez  No,  1, 
which,  when  shut  in,  was  flowing  an  average  of  only  400  barrels  daily, 
but  when  opened  again  several  months  later,  as  stated  by  Mr.  Doheny, 
began  flowing  at  the  rate  of  800  barrela  daily,  and  has  kept  going  at 
the  higher  rate  ever  since,  apparently  making  up  for  lost  time.  The 
ejtplonation  of  this  curious  freak  on  the  part  of  Pei  No.  1  is  probably 
due  to  the  fact  that,  while  it  was  shut  in,  the  petroleum  continued  to 
rise  from  below  and  enter  the  cavities  and  porous  spaces  from  which  it 
had  been  partially  exhausted  during  the  previous  years. 

Another  remarkable  well  in  the  Ebano  district  is  Laguna  No.  S,  which 
began  flowing  at  the  rate  of  500  barrels  daily  on  November  7,  190C,  and 
in  the  five  years  and  23  days  up  to  December  1,  1911,  had  put  into  tank- 
age 750,340  barrels,  an  average  daily  output  of  406  barrels  for  the  entire 
time,  and  it  was  still  tiowiug  about  450  barrels  daily  in  December,  1911. 

The  following  table  of  production  of  the  wells  owned  by  the  Mexican 
Petroleum  Company,  Limited,  of  Delaware,  brings  the  output  of  the 
same  up  to  April,  1913,  and  is  supplementary  to  the  table  given  for 
December,  1911: 

Bbano,  April  14.  1913. 
Mr.  Hekbebt  Q.  Wtlie,  Qenerol  Manttffer. 

Dear  Sib  :  In  compliance  n'ltli  your  InetructioiiR,  I  beg  to  baud  yon  tbe  fol- 
lowing report,  sbowlng  the  production  of  Ebano  wells  to  April  12,  1913 : 

La  Pez  No.  1.  from  April  3,  1004,  to  April  12.  1913 3.4.W.123 

Lh  Fez  No.  3,  from  October  24.  1905,  to  September  5.  1911 4.342 

La  Pez  No.  4,  from  July  20,  1906,  to  December  21,  1911 1,150.191 

La  Pez  No.  5.  from  April  1,  1906.  to  March  28,  1912 370,951 

La  Pez  No.  0,  from  Janunry  2,  1!>09.  to  February  2,  1913 1,783,612 

La  Pez  No.  T,  from  December  1,  1910,  to  April  12.  1913 433,988 

LagUDft  No.  2,  from  November  2,  1900,  to  April  12,  1913 951,430 

Laguna  No.  3,  from  April  2.  1907.  to  April   12,  1913 1,047,132 

Laguna  No.  4,  from  April  22,  1908,  to  April  12,  1918 360,801 
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Lagana  No.  5,  from  May  IT,  1909,  to  JonuRrj'  8.  1911 92,810 

Lapina  No.  7,  from  June  20,  190S,  to  April  12,  1913 9»1.6J8 

Laguna  No.  10,  trom  July  ».  1»08,  to  April  12,  1913 lTa492 

Latruna  No.  11,  from  September  17,  19061.  to  April  12.  1913 242,22tl 

Lacnoa  No.  14,  from  February  2.  1909.  to  April   12.  1918 462.T06 

Laguna  No.  17.  from  May  19.  1909,  to  April  12,  1913 94.202 

Laguoa  No.  19,  from  May  17.   1909.   to  January  8,  1911 90.1G0 

Lagniui  No.  21.  from  August  11,  1910,  to  August  13.  1911 39,2tl3 

Laguna  No.  22.  from  July   18,  1909.   to  January  8,  1911 62,070 

Laguna  No.  23,  from  January  5,  1910,  to  January  8.  1911 11,250 

Laguna  No.  26,  from  Marcb  30,  1910,  to  January  S,  1911 16,240 

Laguna  No.  27,  from  July  7,  1910,  to  August  30,  Iflll 83.400 

Dlcha  No.  S,  from  February  1.  1909.  to  January  15.  1911 38,413 

DIcba  No.  8,  from  January  20.  1909,  to  Auguxt  30,  1911 92.694 

IMcha  No.  17.  from  July  30,  1910.  to  Auguat  13,  1911 15,071 

Cttljol  No.  2.  from  December  22,  1909.  to  February  3.  1910 20,400 

Cbljol  No.  4.  from  December  22,  1909.  to  April  12.  1913 880,229 

Cbljol  No.  5.  from  June  1.  1011.  to  April  12.  1913 481.130 

Cbljol  No.  S.  from  February  20.  1913.  to  April  12.  1913 2,710 

Cbljol  No.  7,  from  February  0.   1913.  to  April  12,   1918' 62.980 

Total  Ebano  production 13.396.ttOT 

Laguna  No.  10  was  cloned  lu  August  30. 1911 ;  o{«ned  August  16.  1912 ;  closed 
again  October  20,  1912;  opened  November  1,  1912;  closed  once  more  November 
26,  1912,  and  not  opened  uutll  Maroh  25,  1913.  Laguna  No.  17  was  clotted  In 
June  13,  1912,  and  opened  up  August  7.  1912. 

In  making  up  the  above  report  I  bave  taken  tbe  dgures  xbown  In  tbe  report 
of  Dr.  1.  C.  White  of  December  21,  1911.  as  a  base,  and  added  tbe  ganger's  re- 
ports of  production  from  December  1,  11111,  to  April  12.  1913. 
Youra  very  truly, 

(Signed)  J.  OswAU)  Boyd. 

Superintendent.  ' 

The  following  cablegram  was  received  from  Herbert  G,  Wylie  on  April 
16, 1913 : 
*nv>tal  prodnctlon  to  date.  Canlano  well  No.  7,  20.697.000  barrels." 

Extent  op  the  Oil  Terhitory 

The  developments  in  tbe  Ebano  district  and  Casiano  by  the  Mexican 
and  Huasteca  companies,  and  at  Dob  Bocas,  Potrero  del  Llano,  and  other 
points  by  the  Mexican  Eagle  Company,  would  appear  to.  establish  on  a 
very  sound  foundation  the  proposition  first  advanced  by  Messrs.  Doheiiy 
and  Canfield,  namely,  that  wherever  seepages  of  petroleum  and  natural 
gas  come  to  the  surface  around  dikes,  plugs,  and  cones  of  basalt  or  other 
igneous  eruptions  along  the  Gulf  coastal  plain  of  Mexico,  tliere  we  may 
expect  to  find  deposits  of  petroleum  in  commercial  quantity.  This  propo- 
sition is  based  on  the  theory  that  a  large  quantity  of  each  must  be  present 


C.y,l.z<.J,,CjOOglC 


270      I,  C.  WHITE — rETROLEUM   FIELDS  OP  NORTHEASTERN  MEXICO 

in  order  to  force  themselves  upward  to  the  surface  from  depths  of  1,500 
to  2,500  feet  through  fractures  in  the  overlying  shaly  becU  out  of  their 
source  in  the  Tamasopa  limestones.  Messrs.  Doheny  and  Canfield  also 
go  a  8t«p  further  with  their  generalization,  and  say  that  no  productive 
oil  territory  is  to  be  expected  in  regions  where  there  are  basaltic  hilU 
but  no  seepages.  While  the  writer  fully  concurs  in  these  views  as  to  the 
interpretation  of  active  seepages,  he  also  believes  that  productive  oil 
pools  may  also  be  found  at  a  considerable  distance  from  the  basaltic  hills 
for  the  following  reasons :  The  existence  of  the  seepages  is  due  to  frac- 
tures and  faults  made  through  the  overlying  shales  by  the  upthrust  of 
igneous  dikes,  cones,  laccolites,  and  other  types  of  volcanic  energy  which 
at  the  same  time  tilted  the  underlying  sedimentaries  so  that  their  con- 
tained petroleum  could  segregate  into  ptxtls  of  commercial  value  around 
the  several  centers  of  disturbance,  just  as  the  anticlinal,  monoclinal,  or 
quaquaversal  disturbances  of  the  sedimentary  beds  in  the  Appalachian 
and  other  oil  fields  of  the  l.'nited  States  have  served  the  same  purpose. 
In  such  a  wide  region  as  that  covered  by  the  seepages  shown  on  the  map, 
it  would  be  almost  impossible  that  no  other  disturbance  of  the  sedimen- 
taries could  have  taken  place  except  in  the  immediate  regions  of  volcanic 
activity.  Of  course,  iu  such  cases  of  anticlinal  folding  distant  from 
hills  or  dikes  of  igneous  rocks  no  important  fractures  of  the  shales  over- 
lying the  oil  horizons  would  l>e  made,  and  hence  no  seepages  of  oil  could 
appear  on  the  surface,  although  large  pools  of  it  might  exist  in  the  gently 
folded  Tamasopa  limeatones  3,000  feet  or  more  below.  It  is  true  that 
owing  to  paucity  of  rock  exposures  in  the  dense  jungles  of  the  tropics, 
it  may  be  almost  impossible  to  find  the  evidence  of  these  minor  lines  of 
folding  in  the  sedimentaries,  but,  nevertheless,  this  is  no  reason  that 
such  may  not  exist,  and  therefore  the  writer  considers  it  highly  probable 
that  some  productive  oil  pools  may  exist  far  removed  from  the  presence 
of  either  oil  seepages  or  volcanic  dikes,  hills,  or  laccolites,  since  the  same 
great  petroliferous  limestones  (Tamasopa)  underlie  the  entire  Gulf  coast 
region  and  only  require  to  be  tilted  at  a  small  angle  in  order  to  make 
possible  the  accumulation  of  commercial  pools  of  oil  along  such  axes  of 
disturbance  or  folding. 

The  Question  of  Salt  Water 

Ever  since  the  Dos  Boca.s  gusher  ran  wild  and  began  to  belch  up  such 
enormous  volumes  of  hot  salt  water  that  the  estimates  thereof  run  into 
millions  of  barrels  daily,  many  oil  experts  have  reasoned  that  a  like  fate 
of  "going  to  hot  salt  water  suddenly"  awaits  every  other  gusher  oil  well 
that  exists  or  may  hereafter  be  developed  in  the  Mexican  fields.  This 
conclusion,  however,  dijcs  not  appear  to  rest  upon  sufficient  evidence  to 
justify  such  an  important  generalization.     In  the  first  place,  it  is  the 
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evidence  of  only  a  Bingle  well,  which  many  of  the  most  practical  oil 
experts  regarded  ae  a  "freak,"  entirely  out  of  the  regular  conditions  to 
be  found  in  most  of  the  Mexican  oil  pools.  Mr,  H.  G.  Wylie  and  Doctor 
Paddleford,  who  saw  the  well  soon  after  it  took  fire  and  while  all  the 
oil  it  was  producing  was  being  coneiimed  high  up  the  air  so  completely 
that  not  a  drop  returned  to  the  earth,  sav  that  the  Tlos  Bocas  well  was  a 
great  gas  well,  rather  than  a  great  oil  well,  and  that  in  their  opinion  the 
well  never  put  out  more  than  15,000  to  20,000  barrels  of  oil  daily  before 
access  of  water  ended  its  spectacular  career,  both  as  an  oil  well  and  as 
a  gas  well.  The  opinions  of  such  well  qualified  experts  as  those  of  the 
general  manager  and  general  superintendent  of  all  the  properties  of  the 
Mexican  Petroleum  Company,  Limited,  are  certainly  entitled  to  great 
weight.  Then,  too,  the  situation  of  the  Dos  Bocas  well,  not  far  from 
the  shore  of  a  vaat  body  of  water— -Lake  Tamiahua— where  fissures,  faults, 
and  dikes  give  abundant  opportunity  for  surface  waters  to  descend  into 
the  earth  in  great  volume,  as  attested  liy  the  continued  enormous  flow 
of  hot  (160°  Fahrenheit,  according  to  Dr.  C.  W.  Hayes,  general  man- 
ager of  the  Pierson  interests,  and  even  ahove  213°,  according  to  other 
testimony)  salt  water  continually  ascending  from  the  crater-like  mouth 
of  the  well  in  question,  along  with  much  gas  and  petroleum  cooked  into 
balls  of  aaphaltum,  is  the  most  favorahle  location  possible  for  such  an 
unique  exhibition  as  Dob  Bocas  has  given.  The  conditions  snrroiinding 
it  and  the  gushers  at  Casiano  are  entirely  different,  since  Casiano  is  sev- 
eral miles  removed  from  any  large  body  of  water,  and  as  No.  7  well 
there  has  already  put  into  tankage  19,000,000  barrels  of  oil  without  any 
signs  of  water  or  diminution  in  either  original  rock  pressure  (585 
pounds),  or  flow  of  both  oil  and  gas,  there  does  not  appear  to  be  any 
valid  reason  for  the  apprehension  expressed  by  some  that  the  Casiano 
pool  may  "go  to  hot  water  suddenly,  just  like  Dos  Bocas" ;  in  fact,  the 
methods  of  sinking  and  protecting  the  wells  against  invasion  of  water 
from  above  or  laterally  through  fissures  and  fractures  of  the  inclosing 
walls  of  the  borings  would  seem  to  give  assured  security  against  such 
disastrous  results.  This  method  of  drilling  consists  of  forcing  cement 
down  the  outside  of  each  string  of  casing  immediately  after  it  is  set  and 
continuing  the  filling  until  the  fractures -will  take  up  no  more,  thus 
giving  a  solid  wall  of  reinforced  concrele  from  the  top  to  the  hottom  of 
the  last  string  of  casing,  which  is  to  he  set  in  the  solid  cap  rock  of  the 
Tamaaopa  limestone.  Then,  just  before  entering  the  "pay,"  generally 
found  at  about  30  feet  under  the  top  of  the  capping  limestone,  the  hole 
is  to  be  filled  with  cement  up  above  the  iKitfom  of  the  last  string  of  casini; 
and  left  undisturbed  for  several  days,  uniil  it  hardens  and  completely 
closes  any  remaining  fissures  that  might  possibly  give  trouble,  hefore  the 
drill  is  finally  sent  through  the  cement  and  the  few  remaining  feet  of 
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limestone  above  the  oil  horizon.  This  method,  devised  bv  General  Man- 
ager Wvlie  after  several  years  of  experience  with  condition?  in  the  Rbano 
dietrict,  which  simulate  in  a  miniature  way  those  surrounding  the  Dos 
Bocas  well  (since  a  surface  Laguna  also  exists  during  the  rainy  season 
between  Ehano  Hill  and  La  Pez),  will,  of  course,  add  materially  to  the 
cost  of  drilling;  hut  the  added  cost  will  be  much  more  than  offset  in  the 
freedom  from  danger  of  losing  a  large  well  when  it  Ijecoines  necessary 
to  shut  it  in  for  want  of  storage,  as  was  imminent  with  Casiano  No.  7 
until  the  gwd  judgment  o[  Mr.  Wylie  intervened  and  permitted  it  to 
flow  under  only  half  its  normal  (.585  pounds)  pressure,  and  thus  stopped 
the  numerous  streams  of  oil  which  had  begun  to  issue  from  every  fissure 
over  a  consideralde  area  around  the  well  while  it  remained  closed. 

The  history  of  wells  Nos.  1  and  6  Ia  I'ez,  in  the  Kbano  field,  throw 
interesting  side-lights  upon  the  water  (|uestion  in  the  region  of  lakes  or 
lagunas.  After  la  Vn  No.  1  had  been  flowing  steadily  for  nearly  five 
years,  I/a  Pez  No.  6,  only  a  few'  hundred  feet  distant  from  N6,  1,  came 
in,  January  .3,  1!I09,  flowing  at  the  rate  of  8.0(10  barrels  daily,  40  per 
i-ent  of  which  was  water.  Almost  immediately  water  began  to  appear 
in  La  Pez  No.  1,  although  it  was  producing  from  a  level  300  feet  above 
the  bottom  of  No.  6,  the  water  from  the  latter  evidently  having  found 
its  way  across  to  No.  1  through  fractures  and  fisHures  extending  between 
the  two  holes.  It  was  Mr.  Wylie's  experience  with  these  two  wells  which 
suggested  to  his  practical  mind  the  policy  of  preventing  any  such  recur- 
rence by  closing  up  with  cement  all  such  avenues  of  communication  of 
one  well  with  another. 

This  La  Pez  No.  6  is  also  a  good  illustration  of  the  fact  that  a  well 
may  produce  a  large  quantity  of  salt  water  and  yet  continue  productive 
for  a  long  time,  since  it  had  put  into  tankage  1,323,837  barrels  of  oil  up 
to  December  1\  IIUI,  and  is  still  flowing  at  the  rate  of  700  to  800  barrels 
daily,  in  spite  of  the  large  quantity  of  water  which  comes  with  the  oil : 
while  Ija  Pez  No.  1,  although  producing  10  to  15  per  cent  of  water, 
apparently  as  an  overflow  from  No.  6,  still  flows  at  the  rate  of  800 
barrels  daily,  after  having  put  into  ihc  tanks  ;i,l 78,1*8,3  barrels  of  oil  up 
to  December  1,  1911.  This  experience  with  salt  water  in  the  Ehano  field 
has  a  wry  important  hearing  on  the  factors  which  enter  into  the  esti- 
mates of  oil  production  in  other  fields,  since  the  fact  is  here  very  forcibly 
illustrated  that  the  Dos  Bocas  instance  of  a  large  well  "going  to  water 
suddenly"'  can  not  he  regarded  as  an  example  of  what  will  happen  to  all 
other  large  wells. 

The  Potrcro  del  Llano  well,  which  has  already  put  out  several  million 
barrels  of  oil  and  would  pmbably  flow  40.000  to  .W.OOO  barrels  daily  if 
fully  opened  up,  is  slill  producing  perfectly  dry  oil  under  its  original 
rock  presf^ure.  which  is  850  pounds  to  the  square  inch,  according  to  Doctor 
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Hayes,  although  two  other  wells  only  1,000  feet  distant  have  rock  pres- 
aures  of  only  580  pounds,  or  the  same  aa  the  Casiano  welle.  Hence, 
until  a  well  like  this  one  or  Casiauo  No.  7  doea  actually  "go  to  hot  water 
suddenly,"  the  danger  from  that  source  must  be  regarded  as  entirely 
theoretical  and  remote  rather  than  prBcticat  and  imminent. 

Caaiano  well  No,  t  ie  undoubtedly  the  greatest  oil  producer  of  the 
world,  BO  far  as  total  output  is  concerned.  The  Potrero  del  Llano  well 
of  the  Mexican  Eagle  Company  has  the  greater  daily  capacity  (100,000 
barrels),  but  as  it  has  been  shut  in  much  of  the  time  since  it  was  con- 
trolled, early  in  IBIO,  its  commercial  production  is  not  yet  probably  half 
that  of  Caaiano  well  No.  7,  which  was  about  19,000,000  barrels  up  to 
December  1,  1912,  and  still  continuing  its  great  production  of  23,000 
barrels  daily  with  man'elous  regularity,  having  no  water  whatever  and 
only  two-t«nthB  of  1  per  cent  of  sediment. 

From  this  review  of  the  Mexican  Gulf  coast  fields  it  can  readily  be 
seen  that  it  is  one  of  the  greatest  oil  regions  yet  developed  and  that  it 
gives  promise  of  supplying  much  fuel  in  competition  with  coal  to  all  of 
our  Atlantic  coast  cities.  The  cost  of  the  oil  to  the  Mexican  Petroleum 
Company,  delivered  on  board  tank  steamers  at  Tampico,  is  slightly  leas 
than  14  cents  per  barrel  of  42  gallons,  and  the  cost  of  transportation 
from  there  as  far  north  as  Boston  is  only  about  20  cents  per  barrel. 

Other  undeveloped  Oil  Localities 

Besides  the  regions  where  petroleum  has  already  been  developed,  by 
drilling  in  the  localities  of  large  seepages  like  Kbano,  Casiano,  Potrero 
del  Llano,  and  others,  the  following  additional  tocaltties  at  which  prom- 
inent seepages  occur  were  noted  by  the  writer: 

Cerro  Azul.  Ohapopotillo. 

Juan  Felipe.  Tres  Hermanos. 

Moralillo.  Chichihual. 

Chapopote  Nunez.  Cerro  de  Tiapajua. 

Los  Higueros.  Leinon. 

Cerro  Viejo.  Palo  Blanco. 

Cerro  de  los  Barrachos.  Raneho  Abajo. 

Cuehillo  del  Pulque.  Zacai](iixt1e. 

San  Oeronimo.  Monte  Grande. 

Monte  Alto.  La  Laja  de  Monte. 

San  Miguel  des  Tres  Aguas.  Ojo  <Ie  Brea. 

La  Merced.  ('alJejoii. 

Chinampa.  Hin  t'lara, 

Cervantes.  San  Fiancisco. 

Monte  Gordo,  I.oa  Mos<iuitos. 
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Two  of  these  are  of  speiial  interest,  namely,  (Vrro  Viejo  and  MoraliUo. 
At  the  foinier  a  wfll  was  sunk  25  to  ;(0  years  ago  and  large  quantities  of 
oil  were  found,  sim-e  the  easing  is  still  in  the  well,  and  when  the  gate 
valve  is  ojiened  the  oil,  a  heavy  blaek  flnid.  pours  out  in  a  steady  stream, 
TIm"  lo<ality,  however,  is  in  the  midst  of  a  tropif  jungle  remote  from 
any  means  of  transportation,  and  its  former  owner  (reported  to  have 
bepn  ft  rpsident  of  Massachusetts)  does  not  api^ar  to  have  realized  that 
the  oil  had  any  value,  although  the  Iraof  on  which  this  well  was  drilled 
extends  along  the  western  bank  of  the  Buena  Vista  River,  only  100  feet 
distant  from  the  preat  Potrero  del  Llano  well. 

The  seepages  at  Moralillo  are  interesting,  since  at  one  of  them  the  oil 
is  oozing  from  the  joints  of  the  basalt,  proving  not  that  the  oil  had  an 
igneous  origin,  as  President  Fairehild  and  Mr.  Eugene  Costs  would  prob- 
ably insist,  but  that  the  path  of  least  resistance  to  the  surface  from  its 
inigin  in  the  sedimentary  beds  below  was  in  this  case  not  through  the 
close-grained  shales  immediately  above,  but  along  the  fracture  made  by 
the  basalt,  and  out  to  the  rurfaoe  through  flie  more  or  less  open  joints  of 
I'le  same.  That  the  conditions  for  arcumnlation  of  oil  and  gas  in  rom- 
nien'ial  quantity  are  due  primarily  to  the  upward  bulging  of  the  strata 
produced  by  the  outflow  nf  the  basalt  through  the  sedimentaries,  whether 
in  the  shape  of  cones  and  dikes  which  reach  the  surface,  or  laceolitea 
below  the  same,  all  agree  who  have  studied  the  matter.  Of  the  several 
ideas  already  published  on  the  subject  and  illustrated,  the  first  was  by 
Frederick  G.  Clapp,  Fellow  of  this  Society,  in  Economic  Geology,  Volume 
VIl.  No.  4,  for  June.  1312,  pages  3f?4  to  3R1,  inclusive. 

The  other  illustrations  represent  the  ideas  of  V.  R.  Garfias,  of  Los 
Angeles,  who,  from  the  experiment  of  driving  a  nail  through  an  unbound 
book  with  thicknesses  comparable  tn  that  of  the  intrusions  of  basalt  and 
the  adjoining  sedimentaries,  secured  rents  and  distortions  in  the  leaves 
of  the  paper  similar  to  that  shown  in  these  diagrams,  as  illustrated  in 
his  article  on  this  subject  jmblislied  in  the  Journal  of  Geology  for  Octo- 
ber-Xoveniber,  1912,  Volume  XX,  Xo.  T,  pages  6G6  to  672,  inclusive.  It 
is  quite  probable  that  the  views  of  both  Clapp  and  Garfiag  are  correct 
and  that  all  these  types  of  disturbance  may  exist  in  the  regions  where 
tbe  se^'jtages  occur.  The  great  well,  Casiano  .Vo.  7,  is  drilled  so  close 
to  the  hill  of  diabase,  which  crops  within  400  to  500  feet  of  the  well, 
that  if  the  plug  of  basalt  were  conical  the  boring  .would  undoubtedly 
have  penetrated  the  same  before  it  reached  a  depth  of  2,112  feet,  when- 
tbe  oil  was  found  in  the  top  of  tbe  Tamasopa  limestone. 

Chijol  well  Xo.  5  of  the  Ebano  group,  where  a  dike  of  basalt  'il  feet 
thick  was  struck  at  llfi  feet,  would  also  apiM'ur  to  favor  the  occunence 
of  structures  like  those  sugges;e<l  bv  Garfias, 
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IjOcation  and  Depth  or  Well 

To  Pennsylvania  belongs  the  honor  of  the  deepest  boring  in  America. 
A  well  on  the  land  of  R.  A.  Geary,  about  5  miles  northwest  from  the 
town  of  McDonald,  near  the  line  between  Allegheny  and  Washington 
counties,  has  now  attained  a  depth  of  6,052  feet.'  This  hole  is  being 
drilled  by  "The  People's  Natural  Gas  Company,"  a  former  subsidiary  of 
the  Standard  Oil  Company,  of  which  Mr.  John  G,  Pew,  of  Pittsburgh, 
is  president  and  L.  F.  Barger  general  superintendent,  and  it  is  through 
their  courtesy  and  that  of  Mr.  J.  B.  Corrin,  assistant  superintendent  of 
the  Hope  Natural  Gas  Company,  that  the  writer  was  given  access  to  the 
geologic  data  developed  by  the  boring.  Mr.  Pew  has  chosen  for  the  loca- 
tion of  this  deep  well  test  the  summit  of  the  Condor  dome,  a  structural 
feature  in  the  rooks  described  in  the  Burgettstown -Carnegie  Folio  by 
E.  W,  Shaw  and  M.  J,  Munn,  of  the  United  States  Geological  Survey. 
On  this  dome  the  Pittsburgh  coal  attains  an  elevation  of  1,180  feet  above 
tide,  the  well  mouth  being  at  1,050  feet,  or  1.10  feet  lower,  thus  beginning 
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at  exactly  the  same  geologic  horizon  as  the  deep  well  (5,575  feet)  drilled 
on  the  farm  of  William  Bedell,  30  miles  southeast  of  the  Geary  well,  near 
West  Elizabeth,  Allegheny  County.  Pennsylvania,  by  the  lat«  W.  J. 
Young,  of  the  Forest  Oil  Company,  the  detailed  log  of  which  is  published 
in  volume  I  (A)  of  the  West  Virginia  Geological  Survey,  pages  103-107, 
and  which  remained  the  deepest  boring  in  the  United  States  up  to  the 
latter  part  of  1912,  when  it  was  surpassed  by  the  one  herein  described 
and  by  another  in  West  Virginia,  which  has  now  attained  a  slightly 
greater  (5,595  feet)  depth. 

PuRposR  OF  THE  Well 

The  Condor  dome  of  the  Burgettstown  quadrangle  has  already  pro- 
duced a  large  quantity  of  natural  gas  from  the  Pottsville,  Big  Injun, 
"Hundred- foot,"  and  Thirty-foot  Sands,  and  Itr.  Pew  and  his  field  super- 
intendent, Mr.  Barger,  concluded  that  this  region,  from  which  the  strata 
dip  in  everj'  direction,  would  be  a  good  location  to  make  a  test  for  any 
oil  or  gas  bearing  sands  that  might  be  found  lower  in  the  geologic  column, 
hoping  finally  to  reach  the  Clinton  and  even  the  Trenton  Limeaione,  the 
two  great  gaa-bearing  and  petroliferous  horizons  of  Ohio.  The  writer 
figures  that  the  Clinton  horizon  should  be  struck  in  this  well  at  about 
7,000  feet  and  the  Trenton  at  approximately  8,000  feet. 

Methoo  of  Constscction 

A  steel  cable  is  in  use,  the  derrick  has  double  strength,  and  a  larger 
engine  and  more  boiler  capacity  have  been  provided  than  in  drilling 
wells  to  the  usual  depths,  bo  that  Mr.  Pew  confidently  expects  to  make 
the  Geary  well  the  deepest  one  in  the  world.  Some  trouble  has  been 
experienced  by  the  caving  of  the  walls  in  the  soft  shales  above  the  Cor- 
niferous  limestone,  but  when  the  temporary  fishing  job  now  on  hand 
(a  set  of  tools  having  been  caught  by  the  caving  shales)  is  completed, 
the  bore-hole  will  be  lined  with  steel  casing,  so  as  to  prevent  any  further 
trouble  from  caving. 

RE8DLT8  OF  TEMPERATURE  DETERMINATIONS 

As  is  well  known.  Prof.  William  Hallock,  of  Columbia  TTniversiiy,  made 
careful  temperature  tests  on  the  West  Elizabeth  or  Bedell -weli  down  to 
a  depth  of  5,000  feet,  where  the  temperature  was  120.9°  Fahrenheit,  and 
he  also  tested  the  Wheeling,  West  Virginia,  deep  well,  finding  a  temper- 
ature of  110.3°  Fahrenheit  at  4,500  feet,  and  the  two  wells  agreed  very 
closely  in  temperatures  throughout  at  the  same  depths.     Figured  on  the 
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basis  of  increase  from  4,600  feet  to  5,000  feet  in  the  Bedelt  well,  a 
temperature  of  about  144°  FahreDheit  should  be  found  in  the  Geary  well 
at  6,052  feet,  its  present  depth,  and  this  estimate  is  probably  very  nearly 
correct,  since  Mr.  Pew  reports  that  a  temperature  of  140°  Fahrenheit 
was  recorded  at  5,800  feet  in  the  Geary  well,  which  is  about  what  the 
West  Elizabeth  and  Wheeling  results  would  indicate  for  that  depth. 

Record  of  the  Weli. 

The  following  is  the  record  of  the  R.  A,  Geary  well,  or  No,  1770  of 
the  People's  Natural  Gas  Company,  to  its  present  depth.  It  is  located 
5  miles  northwest  from  McDonald,  Pennsylvania,  at  the  head  of  Little 
Raccoon  Creek,  near  the  line  between  Washington  and  Allegheny  coun- 
ties. The  well  mouth  is  about  1,050  feet  above  tide  and  begins  130  feet 
below  the  horizon  of  the  Pittsburgh  coal  bed. 

Thtcluie«  Total 

tMt  feet 

CoDductor  1« 

IS-incb  casing 232 

I'nrecorded  to 450 

Llniestooe   20  470 

Slate  126  598 

Ktltanniiig  ctial ;  water  at  600  feet 0  600 

T'nrecorded ■     134  T34 

Halt  tand;  gas  at  760  feet  and  912  feet 216  SSO 

Pendl  eave 3  BB3 

Big  limt 29  982 

lO-lnch  caring 963 

Biff  InJMn  Mnd;  gas  at  1,002  feet 2S0  1^1 

Unrecorded  187  1,378 

Ht/aair  tand;  gas  at  1,379  feet 14  1.392 

I'nrecorded   ; 218  1.610 

Sand  (Berea) 12  1,^2 

Unrecorded 172  1,71M 

flundred-Zooi  Mnd;  gas  at  1,T87  feet 23  1,817 

Unrecorded 83  1,910 

Thh-tv-toot  sand:  gas  at  1,912  feet 13  1.92.T 

Unrecorded 43  1,068 

Qordon  ttray  tand 3  1,971 

8>4-lnch  eaalag 1,068 

White  nlate , .    1.019  2,000 

Limestone  220  3,210 

White  slate 230  3.440 

Limestone  10  3.450 

White  slate «30  4.100 

Sand  and  lime 70  4.170 

""bite  slate 3.t0  4J>20 

Black ,  slate 30  4,530 
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Tblckneu  Total 

teet  tnt 

White  slate 650  5,200 

Black  slate 120  5,320 

Black  shale 200  5,520 

White  elate 140  B.««0 

Limestone   ( Sellnngrovi;) 20  5.«80 

Black  lime  (Sflintffrore) 108  3.788 

Black  slate  (MafcelluK) 220  6.008 

Black  lime  ( Comlferouf) 15  6.023 

FItnt   (Comiferoat) 22  6.0+5 

Sand,  grayish  white  (Oriskany) 7  6.052 

The  Identlflcatlons  In  parentheses  are  the  writer's. 

DieCUBSlON    OF    THE    SECTION 

The  intenal  in  the  Geary  well  from  the  base  of  the  Berea  Grit  (1,G9? 
feet)  to  the  top  of  the  Ooniifcrnnfl  limestone  (6,008  feet)  is  4,^86  feci, 
while  on  tlie  south, shore  of  Lake  Krie,  near  Elvna,  Ohio,  115  miles  to 
the  northwest,  this  same  interval  is  only  SOO  feet.  These  intervening 
Devonian  shales,  however,  increase  rapidly  in  thickness  southeast  ward, 
since  at  Akron,  Ohio,  only  ;t5  miles  from  Rtyria,  they  have  a  thickness 
of  1,862  feet,  an  increase  of  liO  feet  to  the  mile;  while  from  Akron  t" 
the  Geary  well,  a  distance  of  80  miles,  this  thickening  (1,862  feet  to4.;)8fi 
feet),  2,524  feet,  continues  at  only  the  slightly  greater  rate  of  31^  feet 
to  the  mile.  This  southeastward  thickening  of  311^  feet  to  the  mile 
from  the  region  of  Akron  will  furnish  a  convenient  measuring  rod  for 
estimating  the  depih  at  which  the  Corniferous  limestone  may  be  found, 
and  consequently  the  Clinton  and  Trenton  petroliferous  rocks  below, 
over  the  present  oil  and  gaa  fields  of  western  PeDDEylvania  and  WesI 
Virginia,  According  to  the  elder  Orton,  the  top  of  the  Corniferous 
limestone  falls  from  2'i5  feet  below  tide  at  Elyria  to  t)25  feet  below  at 
Akron,  or  at  the  rate  of  20  feet  to  the  mile,  while  from  Akron  to  the 
McDonald  region  the  descent  is  at  the  rate  of  40.3  feet  per  mile,  or 
double  the  rate  to  Akron,  since  the  top  of  the  Corniferous  lies  at  4,050 
feet  below  tide  in  the  Geary  well.  This  rapid  dip  of  the  lower  forma- 
tions should  lead  to  the  accumulation  of  some  oil  and  gas  pools  in  the 
porous  zones  of  the  Clinton  and  Trenton  petroliferous  horizons  alonp 
the  interrupted  on  terrace  structural  belts  of  these  horizons  between 
Akron  and  McDonald;  and  since  the  Geary  well  is  located  on  a  well- 
marked  dome  in  the  surface  rocks  which  has  proven  very  prolific  in  all 
of  the  higher  i>orous  sand  reservoirs,  gas  will  most  probably  be  found 
with  very  high  nx-k  pressures  in  llie  Clinton  and  Trenton  horizons  at 
this  location,  should  the  rocks  in  question  have  sufliicient  porosity  to 
affoid  good  imen-oir  capacity. 
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It  is  interesting  to  note  here  the  preaence  of  a  limestone  (Selinsgrove) 
horizon  as  a  portion  of  the  Marcellus  shale  group,  first  described  by  the 
writer  in  Report  G7  of  the  Second  Geological  Survey  of  Pennsylvania, 
from  the  region  of  Selinsgrove,  on  the  Susquehanna  River,  in  Northum- 
berland County,  as  also  the  Comiferous  limestone,  with  its  included  tlint 
nuggets,  and  the  underlying  Oriakany  sandstone  in  which  the  well  was 
drilling  when  (he  tools  were  temporarily  lost. 

The  Gas  and  its  Control 

While  passing  through  the  black  slates  and  shales  of  the  Hamilton 
series  above  the  Comiferous  limestone  several  successive  pockets  of  gas 
were  encountered.  These  had  such  an  enormous  initial  pressure  that 
the  escaping  gas  would  blow  the  heavy  tools  several  feet  up  in  the  hole, 
occasionally  giving  trouble  from  breaking  of  the  wire  cable,  when  they 
would  drop  back  after  the  sudden  flow  of  gas  had  passed,  and  whose 
approach  to  the  surface  could  he  heard  in  advance  with  an  intense  roar- 
ing noise. 

It  will  prove  an  interesting  problem  to  confine  and  control  any  com- 
mercial deposits  of  natural  gas  that  may  be  found  in  the  Clinton  horizoii 
of  this  well  at  an  approximate  depth  of  ~,000  feet,  since  if  the  rock 
preaeure  increases  in  the  same  proportion  as  is  customary  with  depth, 
namely,  aix>ut  45  pounds  to  the  square  inch  for  every  lUO  feet  of  depth, 
the  gas  pressure  in  the  Clinton  horizon  should  approximate  3,000  pounds, 
a  figure  with  which  the  oil  and  gas  engineers  have  had  but  little  experi- 
ence, since  no  natural  gas  pressures  have  yet  been  recorded,  in  the  Appa- 
lachian fleld  at  least,  which  exceeded  1,300  pounds.  As  one  means  of 
dealing  with  an  immense  pressure,  and  one  which  appears  ffltirely  feasi- 
ble, Mr.  Barger,  of  The  People's  Natural  Gas  Company,  plans  to  let  the 
gas  feed  into  the  porous  sands  whose  gas  has  been  largely  drained  from 
the  upper  portion  of  the  boring,  thus  re&lling  these  exhausted  reservoirs 
and  finally  restoring  their  original  rock  pressures,  or  e^en  exceeding  them, 
from  which  the  gas  can  he  led  into  the  field  lines  under  the  customary 
rock  pressures  of  these  upper  sands.  In  this  event  these  higher  sande 
would  act  in  the  same  manner  as  a  reducing  or  regulating  valve  does  in 
stepping  down  high  pressures  to  lower  ones  along  the  present  transmission 
lines  before  the  gas  reaches  the  point  of  consumption. 

Facilities  oppehed  for  scientific  Re9e.ihch 

Mr,  Johnson,  of  the  United  States  Bureau  of  Standards,  will  have 
charge  of  and  be  given  every  facility  for  securing  accurate  temperature 
measurements  of  this  deep  well,  and  as  the  locality  is  in  the  undisturbed 
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region  where  Dr.  William  Hallock  has  done  such  excellent  pioneer  work 
along  this  line,  very  interesting  and  valuable  results  may  be  expected, 
especially  if  the  boring  shall  attain  a  depth  of  8,000  feet  or  more,  which 
Mr.  Pew  Bays  it  will,  if  money,  machinerj',  and  expert  drillers  can  suc- 
(.eed  in  making  a  hole  in  the  eanh  to  that  great  depth.  Too  much  praise 
cannot  be  given  Mesare.  Pew,  Corrin,  Barger,  and  others  connected  with 
The  People's  Natural  Gas  Company  for  the  public  spirit  they  have  shown 
in  dedicating  ttiie  expensive  well  to  the  interests  of  pure  acieoce. 

P08T6CaiPT 

Under  date  of  Uay  37,  1913,  Mr.  L.  F.  Barger,  general  superintendent 
of  the  People's  Natural  Gas  Company,  has  furnished  additional  data 
concerning  this  most  interesting  well.  The  drill  had  attained  a  depth  of 
6,058  feet  on  December  31,  191S,  when  this  paper  was  read  at  New 
Haven,  and  a  set  of  drilling  tools  was  then  in  the  hole,  caught  by  the 
caving  abates  above.  The  tools  were  finally  recovered,  and  to  prevent 
any  recurrence  of  such  troubles  the  6%-inch  casing  was  inserted  at  6,053 
feet,  8  feet  in  a  brownish  gray  sand,  which  the  writer  tentatively  identi- 
fies with  the  Oriskany.  The  record  from  the  bottom  of  the  Comiferoux 
flint  at  6,046  feet  down  to  the  present  depth  on  May  27,  1913,  is  given 
as  follows  by  Mr.  Barger : 

Tblcknew  Total 

Sand  (water  and  gsa.  6,060  feet) 155  S.200 

Brown  Band  «0  6.260 

White  sand  (salt  water,  6.260  to  6,265  feet) 10  6.270 

Brown  Band  to  bottom 20  6,299 

BzpkMlve  gaa  flow  at  4.850  teet. 
Explosive  KM  flow  at  4,870  feet. 
Explosive  gas  flow  at  5,000  feet. 
Exploatve  gns  flow  at  6,005  feet. 
Explosive  gas  flow  at  5,910  feet. 
Explosive  gas  flow  at  5,015  feet 
BzploBlve  gaa  flow  at  6,060  feet. 

Temperature  measurements  taken  in  well : 

Temp^ratDre.  Pabr. 

At  5.160  feet 110° 

At  6,220  feet 120° 

At  6,800  feet 140" 

At  6.000  feet lOO" 

At  6.096  feet IfW" 

Taken  in  water  6,270  feet 166° 

■  ETldcntlr  redDced  b7  natural  aas  eipuwioD. 
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The  water  found  at  6,360  feet  rises  Id  the  hole  to  a  height  of  4,000 
feet,  or  to  S,399  feet  below  the  top  of  the  well.  Its  chemical  composi- 
tion is  as  follows,  according  to  an  analysis  of  a  sample  made  by  the 
Pittsburgh  Testing  Laboratory — H.  H.  Oraver,  chief  chemist : 

SpeclOc  Krerlt7  at  60°  Fabreobelt 1.1086 

Oil  Trace 

PaHa  pcT  100,000 

AlkallDlt}'  aa  calcium  carbonate 5. SO 

Calcium  chloride 4,421.40 

Hagnesluni    chloride 251. eo 

Sodium   chloride 5,018.20 

Sulphuric  anhrdrlde Trace 

Iron  oxide Trace 

Sedltnent  (lock  powder) 224.00 

Total  sollda 0.d2l.30 

Total  sollda  ezduslTe  of  pulverized  rock  sedi- 
ment          9,696.70 

This  analyais  looks  as  though  we  had  here  a  case  of  fossil  ocean  water 
imprisoned  since  mid-Paleozoic  time.  An  effort  is  being  made  to  ex- 
haust it  by  pumping,  so  that  the  well  can  be  drilled  to  much  greater 
depths  in  search  of  the  Clinton  or  Medina  petroliferouR  beds,  and  pos- 
sibly to  the  Trenton  horizon,  1,000  feet  lower. 

The  immense  quantity  (239  feet)  of  sandstone  at  the  horizon  of  the 
Oriskany,  which  continues  below  the  present  depth,  was  unexpected  at  this 
locality,  but  is  duplicated  at  the  Lehigh  River,  in  Carbon  County,  Penn- 
sylvania, as  described  in  the  writer's  Report  on  Pilfe  and  Monroe  coun- 
ties, G6,  of  the  Second  Geological  Survey  of  Pennsylvania,  page  134, 
where  the  Stormville  shales  and  sandstones  at  the  top  of  the  Lower  Hel- 
derberg  series  appear  to  have  coalesced  with  the  Oriskany  beds,  thus 
forming  one  great  mass  of  sandstone  over  300  feet  in  thickneBS.  Hence 
it  ia  possible  that  this  239  feet  of  sandstone  may  represent  a  portion  of 
the  Lower  Helderberg  rocks,  since  a  regular  sandstone  bed,  the  Deckers 
Ferry  sandstone  of  Monroe  County,  Pennsylvania,'  sometimes  occurs 
well  down  toward  the  base  of  this  group  of  rocks. 

Mr,  Pew  and  Mr.  Barger  will  make  every  effort  that  financial  resources 
and  drilling  talent  can  supply  to  sink  this  well  to  a  depth  of  8,000  feet, 
thus  making  it  the  deepest  well  in  the  world  and  rendering  available  a 
knowledge  of  the  thickness  and  character  of  the  underlying  Paleozoic 

•  Hvport  09,  Plk«  lud  Haoroe  countlea.  SMOod  Ocoloclcal  Survrr  ol   PeDDRjlTSDli, 
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beds  at  this  interesting  locality,  so  far  removed  from  any  exposure  of 
these  rocks,  the  nearest  Oriskauy  outcrops  being  at  Altoona,  Penneyl- 
vania,  and  Keyser,  West  Virginia,  each  of  which  is  nearly  100  miles  dis- 
tant and  in  the  heart  of  the  Alleghany  Mountains. 

"''he  great  reduction  in  temperatures  found  at  6,000  feet  is  due  to  the 
sudden  expansion  of  natural  gas,  a  small  flow  of  which  under  great  pres- 
sure (probably  2,500  pounds  or  more  to  the  square  inch)  was  encoun- 
tered near  and  below  that  horizou.  The  temperature  of  156°  Fahrenheit, 
recorded  first  at  6,095  feet,  is,  however,  so  much  greater  ( 156°  to  140°  >, 
namely,  16°,  than  that  (140°)  recorded  at  5,800  feet  that  it  probably 
was  elevated  a  few  degrees  by  the  pounding  uf  the  drill  on  the  hard  sand- 
stone, and  this  looks  all  the  more  probable,  since  the  water  found  at  fi.iJuO 
feet  has  only  the  same  temperature  (156°),  which  itself  reveals  a  rapid 
increase  in  gradient  below  5,800  feet,  or  at  the  rate  of  I  degree  for  everj- 
29  feet.  The  results  of  other  temperature  measurements  on  this  well  at 
greater  deptha  will  prove  of  surpassing  interest. 
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Theory  of  Centers  of  Dispersal 

In  A  former  communication  to  the  Society'  I  discussed  the  evidence 
for  the  continuity  of  evolution  from  the  standpoint  of  vertebrate  paleon- 
tology. The  theory  adopted  to  interpret  the  evidence  waa  that  of  evolu- 
tion of  each  race  in  a  center  of  dispersal,  and  spread  from  there  in  suc- 
ceggive  waves  of  migration  to  other  regions.  The  present  contribntion 
aims  to  discnsa  certain  phases  of  this  theory  in  their  effect  on  the  struc- 
ture and  affinities  of  a  phyletic  series  in  a  region  remote  from  the  center 
of  dispersal. 

The  considerations  to  be  presented  and  their  eifects  on  the  composition 
and  affinities  of  a  race  are  familiar  to  modern  ethnologists.  They  are 
recognized  facts  of  the  dispersal  of  the  human  races,  and  their  effect  on 
the  affinities  of  each  race  is  clearly  seen  and  universally  recognized. 

■UuDMrlpt  received  bj  tbe  SecreUrr  of  th«   FateoDtotoslcal   Socletf   Jtniur;  88, 
■•IS. 
■CoatloQltj  at  devBlopment.    Popular  Science  Uootblr,  Nov.,  1910. 
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Their  appliciition  to  zoological,  and  especially  to  paleoBtologieal,  studies 
is,  I  believe,  do  leas  exact,  but  has  received  little  attention. 

Admiztube  of  Bix)od  thbodqh  Mio&atiokb 

Id  presenting  the  theory  of  dispersal  in  its  application  to  fossil  verte- 
brates, it  is  coDveDient  to  speak  of  a  series  of  waves  of  migratioD  proceed- 
ing outward  from  a  center  of  dispersal.  Id  fact  this  is  a  somewhat  mis- 
leading phrase.  What  must  really  have  occurred  is  rather  a  more  or  less 
continuous  stream  of  new  blood  pouring  into  the  region  considered,  mix- 
ing with  the  older  blood  and  gradually  displacing  it.  If  the  course  of 
migration  be  uninterrupted  and  the  environmental  pressure  be  more  or 
less  continuous  in  its  action  and  direction,  the  progress  of  a  race  in  a 
given  region  will  be  due  partly  to  the  infusion  of  new  blood  from  the 
adjoining  region  nearer  the  center  of  dispersal,  partly  to  the  adaptive  in- 
fluence of  the  local  environment,  partly  to  the  substitution  of  new  species 
or  genera  arriving  from  regions  nearer  the  center  of  dispersal  and  which 
either  were  originally  or  have  become  infertile  with  the  autochthonous 
species. 

In  discussion  of  the  evolution  of  a  phylum,  the  second  and  fourth  of 
these  influences  have  usually  been  considered.  But  it  would  seem  that  all 
four  have  frequently,  if  not  generally,  played  an  important  part  in  det«r- 
mining  the  evolutionary  progress  of  a  phylum  in  any  locality.  The  rep- 
resentatives of  a  phylum  at  any  one  stage  in  its  development  in  a  given 
region  do  not  consist  of  one  or  several  homogeneous  species  or  pure  races, 
but  of  series  ranging  from  archaic  autochthones  to  recent  immigrants, 
more  or  less  broken  into  nodes  or  separated  groups  by  local  segregation 
or  the  partial  extinction  of  intermediate  members  of  the  series. 

The  Enolish  Race  as  an  ItLosTEAxioN 

Let  ua  consider,  first,  what  we  know  to  have  been  occurring  in  the  mi- 
grations of  the  human  race  and  its  effect  on  the  population  of  Great 
Britain.  When  this  island  first  appears  in  history  its  population  is  some- 
what heterogeneous.  The  inhabitants  of  the  south  and  east  are  closely 
allied  to  the  Gauls.  Northward  are  traces  of  Scandinavian  and  in  Ire- 
land of  Iberian  affinities.  The  Roman  occupation,  while  it  checks  migra- 
tion for  a  time,  does  not  introduce  any  important  new  ethnic  elemrait,  but 
toward  its  close  the  normal  course  of  migration  is  resumed  and  an  ever 
increasing  flood  of  Platt-Deutsch  peoples  poura  in.  The  effect  of  the 
hindrance  of  migratory  movements  during  Roman  times  is  seen  in  a  par- 
tial disinclination  to  free  admixture,  and  a  certain  degree  of  segre^tion 
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between  the  Teutonic  invaders  and  Celtic  aborigines  is  evident,  and  in- 
deed. peraiatB  to  some  extent  today.  Following  the  Saxons  and  Anglea 
came  Jutea  and  subsequently  Danes,  forming  the  dominant  element  of 
the  eastern  coast,  while  the  Norman-French  spread  a  new  layer  of  popu- 
lation over  the  whole  country.  Subsequently  the  south  and  east  receive 
new  increments  of  population  from  the  Netherlands  and  later  from 
France.  There  is  likewise  a  considerable  movement  of  population  from 
Scotland  south  into  England  and  the  north  of  Ireland,  from  England 
into  Ireland,  and  more  recently  from  Ireland  back  into  England.  Set- 
ting aside  the  concentration  into  the  cities  and  considering  only  the  rural 
population,  these,  with  otlier  minor  movements,  afford  the  necessary  data 
for  interpretation  of  the  wide  variations  in  physical  type  in  different 
parts  of  the  British  Isles.  The  unity  of  type  among  Englishmen  is  based 
on  language,  customs,  and  conventions,  in  some  degree  perhaps  on  nat- 
ural environment;  but  it  covers  a  wide  diversity  of  blood.  The  English- 
man ia  not  merely  of  mixed  race,  but  the  admixture  varies  greatly  locally. 
This  is  almost  equally  true  of  every  civilized  race,  and  it  is  to  a  very  large 
extent  true  of  every  uncivilized  race.' 

The  evolution  of  the  human  race  in  any  one  region  has  been  chiefly 
through  successive  infusions  of  new  blood,  not  through  the  replacement 
of  one  race  by  another;  and  this  is  true  of  barbaric  races.  The  dominant 
race  absorbs  the  remnants  of  the  older  blood  or  is  absorbed  by  autoch- 
thones, but  the  continued  renewal  of  new  invading  elements  disturbs  the 
homogeneity  of  the  population  before  it  is  complete,  and  enables  a  very 
archaic  strain  to  be  preserved  to  some  extent  in  association  with  new  ele- 
ments, which  would  not  have  fused  with  the  ancient  blood  except  through 
the  intermediary  of  successive  previous  invasions  of  intermediate  stocks. 


Applicabilitt  of  the  Principle  to  Animals 

The  evolution  of  mammalian  races  must  have  proceeded,  so  far  as  I 
can  see,  on  much  the  same  lines.  If  so,  when  we  come  to  make  detailed 
studies  of  the  evolution  of  mammalian  phyla,  these  controlling  circum- 
stances must  be  carefully  kept  in  mind.  If  these  principles  be  true,  then 
in  the  normal  course  of  evolution  of  a  race  in  a  given  region,  each  stage 


■  The  hetcroseDeoDi  and  complex  composition  of  all  bumaa  rac«l  la  stnioclj  emplut- 
■lied  Id  Boai'B  recent  book,  "Tbe  Mind  of  PiimltlTe  Man."  Dr.  Boai  compares  It  wttli 
the  composite  character  o(  domeitlcated  spcciea  of  anlmala,  aad  contrast!  It  with  tbc 
■uppoaed  purltT  ol  wild  races.  But  I  do  not  tblnk  tbat  tbere  Is  anj  such  coDtraat. 
Wild  BDlmals.  like  domesttc.  are  of  mixed  and  composite  blood,  bat  tbeir  admlitun  haa 
cone  on  nnder  natural  law  and  coudltiona.  producing  certain  limitations  and  unlformltlea 
of  the  resultant  tbat  dlsttnsulsb  It  trom  tbe  artificial  admixtures  present  In  domeatlcated 
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will  coQSist  of  a  complex  of  groups  of  vuying  blood-mizture,  inextricably 
tangled  up,  e&ch  indiridual  being  a  product  of  indirect  hybridiBia  of 
many  ancestral  Btrains,  some  of  which  would  be  generally  regarded  as 
diatiuct  Bpecies. 

The  old  Linnean  Bpecies  concept  was  founded  on  supposed  impossi- 
bility of  blood  relationship  between  mutually  infertile  forms;  the  current 
concept  makes  the  specific  group  dependent  rather  on  local  or  preferen- 
tial segregation  than  on  infertility  for  their  distinctness.  But  if  the  mi- 
gration and  dispersal  of  a  race  involves  this  sort  of  indirect  hybridism, 
even  the  broader  concept  of  the  Linntean  species  will  not  secure  complete 
racial  distinctness  to  the  subphyla  of  a  polyphyletic  group.  The  horse  and 
the  ass  are  today  immiscible,  yet  the  wild  hotses,  if  we  assume  that  they 
are  a  later  invasion,  occupying  territory  formerly  peopled  by  asses,  prob- 
ably have  ass  blood  in  their  veins,  and  individuals  should  present  varying 
proportions  of  characters  due  to  that  inheritance.  It  is  not  indeed  the 
characters  of  the  modern  ase  that  should  appear,  but  the  characters  of 
(1)  the  ass  stage  in  the  center  of  dispersal  of  the  Equidie,  more  remote 
and  more  modified  by  evolutionary  change,  but  reinforced  by  (3)  admix- 
ture of  the  remnants  of  the  former  equine  -population  of  the  region  in- 
vaded by  the  true  horses. 

The  net  results  of  this  process  of  admixture  will  be  to  produce  a  re- 
actionary effect  on  the  characteristics  of  an  invading  group  as  it  reaches 
regions  remote  from  its  center  of  dispersal,  through  continual  and  pro- 
gressive absorption  of  its  predecessors  in  the  dispersal  of  the  race.  This 
will  be  added  to  the  effect  of  the  local  environment  and  of  earlier  en- 
vironments which  it  has  passed  through ;  and  all  these  factors  dependent 
on  shifting  habitat  must  be  added  to  those  whidi  operate  in  a  fixed  habi- 
tat to  produce  or  control  evolutionary  progress  in  a  race  of  animals  evolv- 
ing and  spreading  out  from  a  center  of  dispersal. 

Whether  the  characteristics  be  inherited  according  to  Hendelian  laws, 
or  be  fluctuating  variations  tending  to  revert  to  type,  will  not  affect  the 
results  of  this  continuous  admixture  and  readmixture,  so  far  as  I  can  see. 
Nor  will  it  make  any  particular  practical  difference  from  the  present 
point  of  view  whether  Mendelian  characters  arise  suddenly  or  gradually. 
Under  the  stated  circumstances,  it  will  not  be  possible  to  eliminate  a 
Mendelian  character  any  more  easily  than  a  non-Uendelian  character. 
The  problem  is  far  too  complex  and  the  data  are  too  scanty  to  afford  con- 
clusive evidence  as  to  such  niceties.  We  can  obtain  and  be  sure  of  ap- 
proximate results  and  these  only.  Thus  the  three  strains  which  -Ewart 
has  shown  to  exist  in  the  domestic  horse  present  a  convenient  approxi- 
mate statement  of  the  facts;  but  the  exact  sources  are  probably  vastly 
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more  complex,  the  original  etraiss  are  themeelTes  composites  of  complex 
origin,  and  the  present  habitat  of  the  nearest  living  representatives  of 
these  strains  is  not  their  original  home. 

Effect  of  ihterbupted  Hiobations 

The  problem  has  thus  far  been  treated  on  the  assumption  of  free  op- 
portunity for  dispersal  and  njotinuous  environmental  pressure,  produc- 
ing a  continuous  stream  of  migration.  But  in  fact  we  must  expect  peri- 
odic interruption  of  greater  or  less  duration  in  this  movement,  due  either 
to  barriers  interposed  or  to  temporary  cessation  or  reversal  of  the  en- 
vironmental pressure,  of  whatever  nature  this  may  be.  These  interrup- 
tions, if  short,  will  produce  nodes;  if  longer,  actual  breaks  in  the  stream 
as  it  moves  forward  in  time  and  space.  The  nodes  in  the  further  progress 
of  the  stream  will  tend  to  disappear;  the  actual  breaks  involving  infer- 
tility may,  if  suJBciently  great,  be  permanent.  In  a  region  far  from  the 
center  of  dispersal  the  arriving  stream  will  preserve  completely  or  par- 
tially all  the  nodes  and  breaks  due  to  interruptions  at  former  stages  of 
ita  progress,  the  nodes  tending  to  disappearance,  the  well  marked  breaks 
to  sharper  accentuation.  Hence  the  farther  av&y  we  are  from  the  center 
of  dispersal  the  more  the  race  will  be  broken  up  into  sharply  differen- 
tiated species  or  genera,  and  the  less  in  proportion  will  there  be  of  nodes 
or  imperfectly  differentiated  and  anastomosing  groups. 

Effect  of  Rbkotenesb  from  Dispersal  Center 

Furthermore,  a  race  remote  from  its  center  of  dispersal  will  have 
passed  through  many  different  local  environments  on  its  way,  and  each 
of  these,  especially  during  interruptions  of  the  migration  movement,  will 
have  tended  to  impress  on  its  members  a  local  adaptive  radiation,  which 
will  increase  and  intensify  the  diversity  of  the  resultant  in  its  further 
course.  The  influence  of  the  typical  evolution  of  the  race  proceeding  in 
ita  center  of  dispersal  will  be  more  remote;  that  of  the  various  divergent 
adaptations  passed  through  will  be  more  dominant,  as  the  race  ia  more 
remote  from  its  original  home. 

Near  the  center  of  dispersal,  therefore,  we  should  expect  to  find  the 
specific  and  generic  groups  of  a  family  difficult  to  distinguish,  intergrad- 
ing  a  great  deal  and  held  more  strictly  to  type.  Far  from  the  center  of 
dispersal  we  should  expect  more  sharply  differentiated  species  or  genera, 
more  diversity  of  type,  and  more  aberrant  forms. 
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True  Nature  of  a  Phyletic  Series 

In  view  of  the  above  tomideratious,  what  is  the  real  nature  of  a  phy- 
letic  series,  such  as  may  be  found  in  the  aucceHsive  geologic  strata  of  any 
region?  Evidently  its  successive  stages  are  not  wholly  in  genetic  se- 
quence unless  we  are  in  the  exart  center  nf  dispersal  of  the  group.  Nor 
are  they  wholly  euccessive  immigrants  arriving  unaltered  from  that  cen- 
ter. Each  stage  is  a  complex  and  non -homogeneous  group  derived  from 
earlier  and  later  strains  of  immigrants,  modified  to  varying  degrees  by 
the  various  environments  through  which-  they  have  passed.  To  disen- 
tangle such  a  complex  in  any  accurate  and  exact  way  is  humanly  impos- 
sible, even  where  our  material  is  abundant.  Their  approximate  relations 
may  be  presented  in  the  form  of  a  polyphyletic  snccesBion,  but  all  such 
Bubphyla  must  needs  be  more  or  less  arbitrary  and  inexact.  It  is  only 
in  the  lai^er  phyla  that  the  arrangement  accords  with  the  real  genetic 
sequence. 

Correlation  of  homotaxial  Staoes  of  a  Phyll-u 

There  is  one  phase  of  this  discussion  that  bears  on  the  question  of  cor- 
relation. It  is  customary  to  regard  the  appearance  of  equivalent  stages 
in  a  phylum  in  the  formations  of  widely  separated  regions  as  the  most 
conclusire  evidence  of  synchronism.  This  may  be  true  where  the  regions 
are  equidistant  from  the  center  of  dispersal  of  the  group  in  question. 
Where  they  are  not,  two  considerations  affect  the  conclusion.  First,  there 
is  the  distance  in  time  of  migration  ot  the  race  from  the  dispersal  center 
to  the  two  regions  compared,  and  this  may  be  considerable,  even  in  a  geo- 
logic sense.  Second,  there  is  the  reactionary  influence  of  previous  stages 
in  the  evolution  of  the  group  absorbed  into  the  advancing  new  stage  on 
its  way.  This  latter  is  more  considerable  in  its  influence  than  might  at 
first  be  supposed  on  species  remote  from  their  place  of  origin  of  the 
group.  By  assuming  certain  special  cases,  it  is  possible  to  calculate  what 
effect  it  has. 

In  the  accompanying  diagram  the  horizontal  distance  left  to  right  lep- 
resenta  geographic  migration  from  the  center  of  dispersal.  The  vertical 
distance  from  below  upward  represents  geologic  time -relatione.  A,  B,  C, 
D,  E,  F  represent  successive  geographic  varieties  or  species,  formed  by 
the  influence  of  the  local  environments  when  the  dispersal  of  the  race 
begins.  1,  2.  3.  4,  5,  6,  etcetera,  represent  successive  geological  mutations 
or  phyletic  stages  in  the  center  of  dispersal.  The  upward  trend. of  the 
line  A-F  covers  the  time  required  for  a  migrating  stage  to  reach  the  le- 
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gion  F  from  the  center  of  dispereal.  The  line  of  direct  genetic  sequence 
at  the  center  of  dispersal  will  be  represented  by  A,  A',  A',  A*,  etcetera. 
According  to  the  theories  set  forth  above,  we  will  have  at  region  B 
first  the  descendants  of  A,  becoming  modified  by  the  B  environment;  at 
region  C  the  descendants  of  A,  partly  modified  by  B  and  C  environments, 
and  so  on.    The  nest  mutation  in  region  B  will  consist  of  the  incoming 


Blagea  In  a  iddelv  dlaperaad 


migrants  of  the  A'  stage,  mixing  with  and  partially  displacing  the  origi- 
nal B,  derived  from  A.  Assuming  as  a  special  case  tlyit  the  newcomers 
displace  three-fourths  of  the  earlier  stage  and  absorb  the  remaining 
fourth,  then  the  B'  mutants  will  contain  (as  an  average)  3/4  of  A' 
blood,  1/4  of  A  blood  already  somewhat  modified  by  B  environment,  or 
B'=3/4  AM/4  A. 
Carrying  on  the  same  special  case,  we  will  have 

C  =  9/16  A'  +  3/16  A  +  1/4  AB. 

The  modi^ing  influence  of  the  B  environment  is  really  somewhat 
greater  than  this. 
At  F'  thp  approximate  figures  will  show 

1/4  A'  influence  (23.T3  per  cent), 
1/6  A  blood. 

The  remainder  is  A  blood  modified  by  the  environments  B,  C,  D,  and  E, 
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In  other  worda,  the  eucceseiTe  remnants  of  the  earlier  stage  absorbed 
bj  mutation  1  on  its  journey  from  A  to  F  have  brought  it  nearly  back  to 
the  earlier  phyletic  stage,  although  the  new  stage  displaced  most  of  the 
individuals  of  the  earlier  stage  in  each  region  it  traversed. 

If  now  we  calculate  the  affinities  of  the  next  phyletic  stage  in  its 
progress  from  A'  to  F',  we  will  find  that 

B'  =  3/4  A* +  3/16  A'  +  1/16  A, 

and  when  we  arrive  at  F*  we  find  that  the  approximate  percentages  are 

A'  =  24  per  cent. 

A'  =  29  per  cent. 

A  ^  13  per  cent. 

AB  =12  percent. 

ABC  =  10  per  cent.     A  and  modifications,  49  per  cent. 

ABCD  =   8  per  cent. 

ABCDE  =   6  per  cent. 

In  terms  of  structure  this  means  that  the  representatives  of  the  thir<] 
phyletic  stage  by  the  time-they  reach  region  F  will  have  reverted  so  far 
as  to  be  less  advanced  than  the  second  stage,  and  also  undergone  a  large 
amount  (36  per  cent)  of  atypical  modification  from  the  intermediate 
environments. 

If  we  were  correlating  the  fauna  of  region  A  with  the  fauna  of  region 
F  on  the  usiially  accepted  basis  of  identical  or  equivalent  species,  we 
should  conclude  tiiat  the  appearance  of  F',  which  is  between  A  and  A'  in 
its  structural  progressiveness,  should  be  correlated  with  strata  in  region 
A  between  A  and  A'.  In  point  of  fact  it  is  later  than  A'  by  the  amount 
of  time  required  for  a  migrating  stage  to  traverse  the  distance  A  to  F. 

Correlation  of  Cenozoic  Mammal  Facn.« 

These  considerations  have  some  bearing  on  the  correlation  of  Tertiary* 
horizons  in  Europe  and  the  United  States ;  but  so  much  of  our  mam- 
malian fauna  is  derived  from  dispersal  centers  more  or  less  equidistant 
from  these  two  regions  that  no  Berioiis  error  can  ensue  from  neglecting 
them.  The  case  is  somewhat  different  when  we  correlate  the  faunse  of 
the  southern  continents  with  those  of  the  Holarctic  realm.  In  these  we 
should  evidently  make  some  allowance  for  the  time  required  to  reach 
regions  remote  from  the  dispersal  center  and  for  the  reactionary  effect  of 
ahBorptioQ  of  more  primitive  stages.    Both  will  tend  to  make  southern 
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representatives  of  northern  groups  seem  more  ancient  than  they  really 
are.  Conversely,  northern  representatives  of  aouthero  groups  will  be 
more  primitive  than  their  contemporaries  in  the  south,  and  in  certain 
correlations  the  comparison  of  the  two  may  furnish  the  mean  homotaxial 
relation  representing  actual  Bynchronism. 

The  Pampban  Fauna:  Equips  and  Ground  Sloths 

Equua,  for  instance,  appears  first  in  the  Upper  Pliocene  in  the  Old 
World,  Lower  Pleistocene  in  North  America,  Uiddle  Pampean  in  Argen- 
tina. It  is  of  Holarctic,  probably  Paiearctic  origin.  In  South  America 
it  is  accompanied  and  partly  preceded  bv  peculiarly  modified  and  some- 
what less  progreiwive  genera,  Hippidion  and  Onohtppidion,  in  which  in- 
fluence of  North  America  predecessors  is  apparent ;  but  the  modification 
seems  to  be  partly  due  to  South  American  environment  as  well.  We 
would  conclude  that  the  Middle  Pampean  is  later  than  the  base  of  the 
Pleistocene,  but  how  much  later  would  be  difficult  to  say. 

On  the  other' hand,  the  Ground  Sloths  are  of  South  American  origin. 
The  genus  Mylodon  appears  in  the  Monte  Hermoso  beds,  below  the  Pam- 
pean in  South  America,  in  North  America  in  the  Lower  Pleistocene,  and 
is  accompanied  here  by  Megalonyr,,  less  progressive  but  modified  pecu-  • 
liarly,  appearing  somewhat  earlier,  and  bearing  almost  the  same  relations 
to  Mylodon  that  fJippidion  does  to  EqutM.  Megaionyx  also  appears  ear- 
lier in  North  America  (Blanco  or  Middle  Pliocene)  and  is  unknown  in 
South  America,  although  evidently  descended  from  the  Miocene  Mega- 
lonychidfF,  just  as  Hippidion  is  from  the  Miocene  Pliohippus  of  North 
America.  From  this  we  would  conclude  that. the  Monte  Hermoso  beds 
underlying  the  Pampean  are  older  than  our  Lower  Pleistocene.  By  com- 
paring this  result  with  that  derived  from  the  Equidge  the  equivalence  of 
the  Pampean  with  the  Pleistocene  seems  assured. 

A  similar  method  of  treatment  of  the  various  groups  common  to  the 
Pampean  and  Pleistocene  fauna  of  South  America  and  Holarctica  yields 
confirmatory  results.    These  are : 

Canidse,  Ursidse,  Felidie,  Procyonidie,  Cervidte,  Camelidse,  Equidte, 
Tapiridffi,  Mastodontida,  Muridte,  etcetera,  of  Holarctic  origin. 

Erethizontidte,  Mylodontidse,  Mcgalonychidse,  Glyptodontidic,  Tatu- 
.Midffi,  etcetera,  of  Neotropical  origin. 

It  ia  not  often  that  so  fair  an  opportuni^  as  this  is  afforded  for  corre- 
lation in  far  distant  regions.  More  commonly  the  isolation  of  the  re- 
gion has  prevented  or  impeded  faunal  interchange:  the  migration  has 
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not  been  faimal,  but  more  or  leas  sporadic,  and  all  in  one  directioo; 
and  local  adaptive  radiation  has  caused  progTessive  evolution,  the  result- 
ing  parallelism  and  convergence  adding  new  difficulties  to  the  correla- 
tioQ  problem.  It  is  doubtful  whether  such  correlations  can  ever  be  cor- 
rectly and  accurately  made  except  on  diastrophic  criteria,  and  for  thit 
method  our  data  are  not  yet  sufficient. 
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I NTBODUCTION 

It  18  the  purpose  of  this  paper  to  suggest  the  hypothesis  that  the  Home- 
stake  ore  body  is  in  the  main  a  replacement  deposit  in  a  calcareous  slate 
series,  and  that  it  owes  its  position  to  the  presence  of  a  strong  fault  and 
its  form  to  its  replacement  character  and  to  Btructural  (actors. 

These  conclusioDB  are  not  stated  as  final,  as  further  study  of  this 
problem  is  contemplated.  Paleozoic  and  Tertiary  rocks  cover  and  igneous 
intrusions  in  places  obscure  observations,  while  the  examination  under- 
ground was  very  incomplete. 

The  Black  Hills  are  an  oval-shaped  mountainous  tract,  trending  nearly 
north,  on  the  extreme  western  edge  of  South  Dakota.  Physiographically 
this  mountainous  tract  is  the  dissected  core  of  an  oval-shaped  domical 
uplift  which  involves  rocks  as  late  in  age  as  Tertiar\-. 

Erosion  has  stripped  the  cover  from  this  oval  dome  and  etched  the 
underl}-ing  basement  series  of  pre-Carabrian  schists. 

Tt  ie  with  this  underlying  pre-Cambrian  basement  series  that  this  paper 
has  to  do,  and  solely  with  that  portion  confined  to  the  northern  end  of 
the  structural  dome. 


bIod  of  the  Director  of  tbe  U.  S.  Gfologlcal  S 
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These  pre-Ciuiibrian  rocka  in  the  extreme  northern  part  of  the  hills 
aie  only  partial!}'  exposed.  They  occupy  an  elongate  area  8  or  9  milea 
in  length,  Iving  in  a  north weBt-eoutheast  poeition.  The  area  is  sur- 
rounded and  paitly  covered  by  Paleozoic  sediments;  also  it  contains  many 
late  intrusive  rocks,  which  break  the  continuity  of  the  echists  and  ob- 
scure structural  relations. 

KOCKS   , 

The  pre-Cambrian  rocks  comprise  quartz-biotite  schists,  garnetiferoug 
schists,  slates,  calcareous  slates,  limestones  or  dolomites,  conglomerates 
and  quartziles,  and  a  variety  of  intermediate  types  depending  for  their 
character  on  slight  original  differences  in  composition.  The  whole  is  the 
metamorphic  equivalent  of  a  sedimentary  series  of  no  mean  proportions. 

These  rocks  are,  in  broad  terms,  distributed  in  two  divergent  groupe 
(see  sketch  map,  figure  1,  page  395).  The  one,  an  eastern  group,  strik- 
ing slightly  east  of  north,  comprises  from  east  to  west,  and,  so  far  as 
dips  are  concerned,  from  top  to  bottom,  biotite  schist,  with  thin  bands 
of  slate,  a  quartzite,  gametiferoua  schist,  a  quartzite,  slates,  a  quartzite 
conglomerate  ("upper"  conglomerate),  a  band  of  slate,  a  quartzite  con- 
glomerate ("lover"  conglomerate),  and  last  a  calcareous  series  grading 
downward  into  black  slate.  The  other,  the  western  group,  striking  west 
of  north,  comprises  from  east  to  west,  first,  an  alternating  series  of  black 
slates  and  qu^rtzites,  and  next  a  thick  series  of  slates  and  phyllitee  con- 
taining s<»ne  thin  calcareous  beds  and  some  quartzites,  and  to  the  west 
some  dominantly  quartzitic  beds. 

The  divergent  ptrike  of  these  two  somewhat  similar  groups  of  rocks  is 
explained  by  a  fault-line  which  passes  about  north  80°  to  30°  west 
through  the  town  of  Lead,  and  which,  though  its  precise  location  is  with 
difHculty  determined,  is  an  actual  boundary  between  the  two  groups. 

Stboctube 

There  is  a  general  structure  which  prevails  over  this  entire  region, 
namely :  The  rocks  are  closely  folded  and  have  steep  isoclinal  dip  to  the 
eastward.'  As  stated,  however,  iu  the  last  paragraph,  a  strong  fault 
divides  the  region  into  two  structurally  opposed  parts. 

It  is  the  strike  of  the  axes  of  the  major  folds  which  determines  the 
trend  of  the  rocks  within  these  parts.  Minor  folds  imposed  on  the  limbs 
of  the  great  folds  create  strikes  at  variance  with  the  major  strike,  hut  w 
closely  are  the  rocks  appressed  that  the  strike  of  these  minor  folds  if 
seldom  greatly  different  from  the  strike  of  the  major  folds.  The  major 
folds  and  also  the  minor  folds,  so  far  as  determined,  pitch  southward- 

■Tbere  arc  eic«plIoi»  In  relatlrely  niiill  aress. 
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The  means  by  which  these  several  structural  features  are  determined 
may  be  here  pointed  out.  Such  a  statement  will  also  serve  to  explain 
why  only  the  major  structural  relations  are  determinable. 


,       1 

eALCft»eoi/s 

« 

— -"'""■■^A, 

aiMre  stmea 

r 

-7^ 

> 

\ 

4    \    K 

'  /' 

^       \     v     ^^ 

-■S*^^\« 

Centi 

"A^jWt^S/ 

_^ 

11 

1 

f^ 

\\\   \ 

v\  \ 

&,'*    i       h¥    \ 

l\|v 

1 

W^  W^ 

^-^^ 

a; 

^j  H 

A 

^ — — ^ 

v^f 

•                            \/ 

^ 

'\ 

SCALE 

t — 

\                                              ?  M„« 

PiOCBi  1. — Skelch  Vap  jAewtnp  Pre-Cambrlon  iSfruclure  In  northsni  BXoct  Hllla 

Within  thifl  series  of  schists  there  are  only  a  few  stratigraphic  mem- 
bers which  are  sufficiently  persistent  and  diBtinctive  to  permit  tracing 
along  the  strike  with  complete  assurance  that  a  deiiaite  horizon  is  being 


C.y,l..<.J,,C'OOglC 


296  S.  PAIOE — ORlGlS  OP  THE  H0ME9TAKE  ORE  BODY 

followed.  Such  beds  are  the  quartzitee  and  the  conglomeratic  quartzites. 
But,  fortunately,  the  results  (Stained  by  following  these  traceable  beds 
arc  checked  by  .the  dilTerences  in  lithologic  character  of  certain  other 
beds  or  groups  of  beds — such,  for  example,  as  the  garoetiferous  schi^td. 
liic  limestones,  and  the  slates,  which  maintain  their  structural  relations 
to  the  quartzites  and  quartzite  couglomerates  over  considerable  distances. 

In  general,  folding  within  any  of  the  homogeneous  units — the  garnel- 
iferoua  schists,  the  slates,  or  the  limestones — can  not  be  deciphered  with 
suifitient  definiteness  to  be  shown  on  a  map,  though  abundant  evidence 
is  presented  in  the  field  to  indicate  that  such  minor  folds  are  present. 

By  pursuing  the  method  of  tracing  the  quartzites  and  quartzite  con- 
glomerates, the  following  facts  were  established :  In  the  western  division 
a  group  of  at  least  five  quartzites  were  traced  more  or  less  (-ontiouously 
from  the  divide  north  of  Sheeptail  Quich  to  a  point  east  of  WhitewoiMl 
Creek,  north  of  Knglewood.  Many  attempts  were  made  to  discover  if 
the  quartzites  of  this  series  were  duplicated  by  folding.  All  such  at- 
tempts ultimately  failed  to  show  a  repetition  of  beds  and  apparent  incon- 
sistencies of  outcrop,  such  as  sudden  termination  of  beda,  and  sudden 
minor  changes  of  strike  were  found  to  be  due  to  either  a.  change  in  the 
resistance  of  the  bed  to  forces  of  weathering  or  to  minor  changes  of  strati- 
graphic  succession,  which  are  normal  when  sandy  beds  are  involved. 

Less  than  half  a  mile  east  of  this  group  of  quartzites  a  second  group 
of  similar  beds  were  traced.  Here,  however,  the  results  indicate  a  closely 
compressed  synclinal  fold — synclinal  because  the  general  pitch  of  the 
folding  is  southward  and  because  this  fold  apexes  to  the  north.  As 
nearly  as  could  be  determined,  the  outer  quartzite  of  this  series  turns  or 
apexes  on  the  south  side  of  Sawpit  Gulch  about  one-half  mile  west  of 
the  town  of  Central.  The  turning  points  of  the  remaining  quartzites 
are  naturally  farther  south,  but  were  not  determined.' 

The  outcrop  of  the  quari^ites  forming  the  two  limbs  of  this  fold  may 
be  traced.  The  eastern  set  are  cut  oft  at  Kirk  by  the  great  fault.  The 
western  set,  at  least  the  westernmost  member,  may  be  said  to  maintain  it^ 
integrity  for  three  miles,  though  it  is  not  exposed  continuously  through- 
out this  distance. 

If,  now,  the  beds  east  of  the  fault-plane  are  examined  in  more  detail, 
the  following  relations  are  of  importance :  The  series  as  a  whole  strikes 
north-northeast  and,  except  in  one  region  to  be  described  later,  dips  at  a 
high  angle  to  the  east.  This  series  is  structurally  discordant  with  the 
rocks  on  the  west  side  of  the  fault,  and  as  they  dilTer  lithologically  from 
those  rocks  no  hypothesis  of  folding  will  explain  their  observed  relations. 

ta  and  tart»t  cover  combine  Ut  conceal 
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The  most  important  member  or  members  within  this  series  of  rocks, 
economically  speaking,  are  the  limestones.*  They  may  be  regarded  as  li 
part  of  a  calcareous  slate  series  and  grade  downward,  through  a  calcare- 
ous sls^  phase,  into  very  thin-bedded  siliceous  black  alatea.  Their  lower 
limits  are  thus  ill-defined.  Their  upper  limit,  fortunately,  lies  only  a 
short  distance  stratigraphically  below  the  "lower"  conglomerate.  These 
limestones  are  best  exposed  at  the  junction  of  Deadwood  Creek  and 
Blacktail  Oulch,  particularly  in  the  wagon-road  cut  descending  from 
Tertarille,  where  it  turns  westward  to  descend  into  Deadwood  Creek. 
Fine  exposures  are  likewise  to  be  found  in  the  railroad  cut  just  east  of 
the  mouth  of  Bobtail  Gulch,  and  also  in  Bobtail  Oulch  on  its  eastern  side' 
below  the  lower  stamp-mill. 

The  top  of  these  limestones'  is  beUeved  to  pass  from  Deadwood  Oulch, 
just  below  Blacktail  Gulch,  southwestward  to  a  point  about  1,800^:  feet 
south  of  the  Terravilte  bridge,  where  the  series  is  cut  off  by  the  fault. 
The  base  of  the  series  is  not  so  readily  located.  Impure  limestone  may  be 
found  on  the  wagon  road  in  Terravilie  at  the  upper  stamp-mill,  and  the 
lean  ore  exposed  in  the  De  Smet  cut,  forming  a  perfect  narrow  synclinal 
trough,  proves  to  be  a  decidedly  calcareous  or  dolomitic  rock.*  Calcare- 
ous beds  in  the  slate  series  were  also  observed  in  the  town  of  Central,, 
nearly  opposite  Sawpit  Oulch,  and  calcareous  slates  were  found  still  far- 
ther west  behind  the  mine  hoist. 

It  is  in  this  region  (near  Central),  at  the  base  of  the  limestone  series, 
that  the  rule  of  eastward  dip  described  above  does  not  apply,  for  a  short 
distance  east  of  the  probable  location  of  the  fault-plane  westward  dips 
may  be  seen,  and  from  here  down  to  Blacktail  Oulch  the  rocks  seem  to  be 
thrown  into  a  low,  much  disturbed  anticline,  which,  combined  with  the 
transitional  character  of  the  limestone  series,  makes  it  doubly  difficult  to< 
establish  a  basal  boundary. 

N'otwithstanding  this  obscurity,  the  fact  remains  that  a  calcareous 
aeries  of  rock  strikes  at  an  angle  into  and  Is  cut  off  by  a  belt  of  quartzite^, 
and  this  at  the  apex  of  the  main  Homestake  ore  body.  This  discordanoe 
of  strike  demands  the  presence  of  a  fault  The  top  of  the  limestone  series 
may  be  regarded  for  stratigraphic  purposes  as  just  below  the  "lower" 
conglomerate,  and  the  "upper"  conglomerate  lies  only  about  350  feet 
above  the  "lower."  It  is  of  particular  interest,  therefore,  to  trace  or  pick 
up  these  conglomeratic  beds  along  their  strike  to  the  southwest.  It  is 
believed  that  both  of  these  horizons  have  been  recognized  in  the  Caledonia 

■The  word  "Umnloae"  U  u>ed  In  all  parts  a(  tbla  paprr  us  n  caaTeii1«DC  term  to  el- 
pma  tbe  Ideft  that  earbonate  rocki  ar»  tDVOlved,     Dolomlllc  llTnestoncH  an  pr««Dt. 
~  ~  '        k  cover.  Tertiary  cover,  porpbjr;  IntruilauB,  and  float.  bU  obacure  relatloDi. 
n  csuDloed  mlcroKoptcat);  wta  obtaloed  lontb  o(  TerravlUi  bridge. 
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open  cut,  though  the  Btrstigraphic  distance  between  them  seemed  at  tbU 
place  to  be  less  than  360  feet.  Surface  oxidation  of  the  pyritized  beds  in 
which  this  cut  la  opened,  of  course,  givea  a  different  appearance  to  the 
conglomerates,  jet  their  dominant  characteriatica — quartzitic  nature  and 
flattened  pebbtes — can  be  recognized.  To  the  southwest  these  beds  (the 
'upper"  conglomerate)  may  again  be  observed  on  the  eastern  rim  of  the 
great  Homestake  open  cut  and  may  be  traced  down  thia  rim  to  the  ma- 
chine shops  on  the  edge  of  the  town  of  Lead.  If  the  stratigraphy,  which 
has  been  barely  outlined  above,  proves  correct,  it  ia  obvious  that  the 


PlODiE  2. — DlagrimmaMo  Plan  and  Crou-iecHott 


"lower"  conglomerate  must  lie  near  or  just  below  the  bottom  of  the  great 
open  cut  and  the  ore  body  would  then  coincide  with  the  limeetone.  A 
synclinal  trough  of  ore  exposed  in  the  De  Smet  cut  is  particularly  inter- 
esting from  a  structural  standpoint.  It  is  suggested  that  this  particular 
synclinal  fold  is  but  a  minor  one  imposed  on  the  western  limb  of  the 
larger  anticlinal  referred  to  above.  It  pitches  southward  and  the  outcrop 
of  its  eastern  limb  should  theoretically  be  traceable  on  the  surface  were 
it  not  interrupted  by  porphyry  intrusivea.  It  is  believed  at  present  that 
the  fault  cuts  this  fold  and  the  larger  anticlinal  somewhat  as  illustrated 
in  the  purely  diagrammatic  ilguree  on  page  298. 
Such  an  interpretation  accounts  for  all  the  facts  at  present  known. 
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PosmOK  AND  FOSH  OF  THE  ObE  BoDT 

The  fonn  and  position  of  the  surface  croppingB  of  the  Ilomestake  ore 
body  may  be  gathered  from  a  study  of  the  open  cuts.  It  is  observed  that 
there  are  two  parts :  a  wide  part,  that  to  the  south  (the  great  open  cut  at 
Lead),  and  a  narrow  part,  that  to  the  north,  terminating  in  the  De  Smet 
cut  on  the  southern  rim  of  Deadwood  Creek. 

The  narrow  portion  begins  to  spread  and  merge  into  the  wide  portion 
at  a  point  where  stratigraj^ic  work  indicates  the  presence  of  the  main 
body  of  the  calcareous  series.  The  narrow  portion  appears  to  be  a  single 
calcareous  bed  thrown  into  a  sharp  fold  well  exposed  as  a  narrow  syn- 
clinal trough  in  the  northern  end  of  the  De  Smet  cut. 

The  western  boundary  of  these  surface  exposures  is  a  relatively  straight 
line  and  is  believed  to  be,  for  reasons  already  set  forth,  a  fault-plane. 

The  outcrop  of  the  Caledonia  ore  body  has  been  shown  to  coincide  very 
nearly  with  the  outcrop  of  a  part  of  the  calcareous  series.  The  strike  is 
directly  toward  the  main  Homestake  ore  body ;  in  fact,  a  portion  of  the 
two  open  cuts  are  very  close  together. 

Beneath  the  surface  the  form  and  position  of  the  ore  body  is  even  more 
significant.  The  wider  portion,  on  a  given  level,  is  delimited  in  certain 
definite  ways.  First,  on  the  western  or  footwall  side  by  a  relatively 
straight  line— the  fault-line;  second,  on  its  southern  end  by  a  number  of 
narrow  fingers,  which  examinations  show  to  be  actual  folds — that  is,  the 
ore  is  sharply  cut  off  by  wait  rock  which  curves  around  it;  and,  third,  on 
the  north-northeastern  side — that  is,  in  the  direction  of  strike  of  the 
rock  aeries — by  indefinite  fading  away  of  ore.  The  inference  is  that  here 
a  definite  series  of  beds  striking  north- northeast  have  been  folded,  cut  off 
by  a  fault,  and  mineralized. 

The  ore  body  plunges  in  the  direction  of  the  intersection  of  the  fault- 
plane  with  the  steeply  dipping  beds,  and  at  each  succeeding  level  is 
capped  by  a  greater  thickness  of  barren  rock.  The  Caledonia  ore  body 
pitdies  with  the  dip — that  is,  the  replaced  beds  are  cut  by  no  fault-plane. 
Its  northern  extension  is  taken  to  be  limited  by  the  distance  from  the 
fault-plane  that  solutions  were  able  to  replace  limestone,  its  southern  ex- 
tension by  late  igneous  intrusion,  which  separated  the  ore  body  from  the 
main  mass  along  the  fault. 

Chasaoteb  of  the  replaobd  Boces 

It  has  been  implied  in  the  preceding  paragraphs  that  the  ore  body  is 

related  to  a  definite  set  of  beds,'  and  in  describing  surface  relations  it 

re  ftr«  probftUr  atber  ledgea  oecupfiDg 
XZI— Bdu-  OaoL.  Boc.  AH.,  Vol.  24, 1918 
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was  pointed  out  that  the  outcrop  of  the  main  lode  corresponded  to  the 
poeition  of  a  calcareous  series  as  determioed  by  stratigrapbic  work. 
Specimens  were  collected  underground  and  esamined  microscopically, 
with  a  view  to  detennining  three  points :  the  nature  of  the  beds  where 
ore  graded  into  rock  too  poor  to  extract,  the  nature  of  various  wall  rocks, 
and  the  nature  of  the  ore. 

It  is  not  desirable  to  describe  in  detail  here  the  results  obtained,  but 
the  essentials  are  as  follows:  A  number  of  apecimeus  collected  on  the 
north-northeast  side  of  the  ore  body  (from  various  levels),  where  the  ore 
graded  into  country  rock,  proved  to  be  distinctly  calcareous.  They  would 
be  termed  calcareous  or  dolomitic  slates  or  schists  and  carry  60  per  cent 
or  more  of  carbonate.  The  walls  where  the  ore  body  is  clearly  defined 
are  either  siliceous  slate  or  quartzite,  or,  as  found  in  one  case  50±  feet 
from  the  footwall*  of  the  Caledonia  ore  body,  a  decidedly  calcareous  or 
dolomitic  schist.  An  examination  of  several  specimens  of  the  ore  proper 
shows  an  abundance  of  carbonate  replaced  by  silicate  minerals,  sulphides, 
the  oxides  magnetite  and  specularite,  and  quartz.  Prominent  among  the 
silicates  are  the  iron  amphibole*  cummingtonite,  phlogopite,  chlorite, 
and  Bomebiotitc.  Among  the  sulphides  are  pyrite  and  pyrrhotite.  The 
form  of  the  cummingtonite  was  significant  in  that  it  possesses  that  in- 
complete crystallization  of  individuals  and  poikilitic  inclosure  of  other 
minerals  which  has  been  described  as  occurring  in  replaced  limestones.'" 
That  the  silicate  minerals  do  not  show  a  noteworthy  amount  of  calcium, 
but  are  magnesian  silicates,  suggests  that  the  replaced  beds  were  dolo- 
mitic" and  indicates  one  of  many  chemical  problems  awaiting  solution. 

Sdicuaby 
It  is  suggested  that  the  main  Homeatake  ore  body  owes  itf  ongin  to 
the  presence  of  a  strong  fault  and  the  subsequent  mineralization  of  a 
calcareous  series,  its  form  being  that  which  would  be  taken  if  a  folded 
sedimentary  series  were  cut  by  a  fault  and  replaced  by  solutions  arising 
along  the  fault.  The  particular  form  which  observed  facta  would  require 
of  such  a  calcareous  series  as  is  present  agrees  with  the  form  of  the  ore 
body  as  determined  by  mining.  Microscopic  examination  of  ores  and 
wall  rocks,  as  far  as  carried  on,  supports  this  hypothesis. 

•A  DKrrow  dike  at  the  place. 

■The  amplilbolB  obaerved  agrees  Id  lU  optical  propertlM  irltb  cummlDBtODlte  dncrlbed 
bf  W.  J.  Bharwoad :  "AnalrseB  ot  BomB  rocki  tad  minerali  from  the  Homeitaka  mis*. 
Lead,  Soutb  Dakota."     Economic  Gcologr.  vol.  0,  No.  S,  p.  T29. 

"  P.  L.  Banaome :  GeolaKlnl  and  ore  depoilti  ot  BIsbee  gaadransle,  Arirana.  ProfCc 
■looal  Taper  No.  21,  D.  8.  GeologlcHi  Barver.  p.  180. 

Waldemar  Llodgren :  Tbr  copper  depoalta  of  the  CIltlon-MoreDcl  dlttrtct.  ArlMoi. 
ProteBstoDBl  Paper  No.  43,  TJ.  8.  Gfologlcal  Survey,  pi.  yll.  A,  C.  D..  pi.  it. 

u  Aualran  tuve  prored  fhli  to  be  the  caw. 


Digitized  bvGoOgIc 


BULLETIN  OF  THE  QEOtOGICAL  80CIETV  OF  AMERICA 

Vol.  34.  pp.  301-334,  PL9.  T-9  JUHE  It,  1«13 


PETROLOGY  OP  A  SEBIES  OF  IGNEOUS  DIKES  IN  CENTRAL 
WESTERN  VIRGINIA' 

BY  THOMAB  L.  WATSON  AND  JUflTOB  H.  CLINE 

{Presented  by  title  before  the  Society  December  30,  191S) 

OONTBKTS 

Pase 

iDtroductlOD ■ 302 

lUfltime  of  tbe  geology  of  middle  western  Vlrgtnla 303 

Distribution  and  geologic  field  relations  of  the  dikes 306 

Contact  metamorpbism 308 

Qeneral  petrology  of  tbe  Igneons  rocks 309 

Introductory  statement 309 

Granlte-felsopbyre  (toscanose) 309 

General  statement 309 

Megascopic  character 309 

Utcroecoptc  character 310 

Chemical  composition  and  classification  In  the  quantitative  system.  310 

Quarts  gabbro  (tonalose  (T)) 311 

Hegasctvlc  character 811 

Microscopic  character 312 

Chemical  composition  and  classtflcatlon  in  the  quautltatlTe  afstem .  313 

Nephellne  sy^ilte  (mlaskose) 314 

Uegaecc^lc  character „ 314 

Microscopic  character SIB 

Chemical  composition  and  classification  In  tbe  qiiantltatlve  system .  316 

Teschenite  or  analclte-basalt  (moncblquose  (?)) 318 

U^aecc^lc  character 318 

Microscopic  character 318 

Chemical  composition  and  dasstflcatlon  in  the  qua iitttatlve  system .  320 

Camptonite  (ouroee  ( ?) ) 321 

Megasc<vlc  character 321 

Microscopic  character 322 

Chemical  composition  and  das^flcatlon  In  tbe  quantitative  system .  325 

Olivine  diabase  (anvergnose) 327 

Megascopic  character 327 

Microscopic  character 827 

Chemical  composition  and  classification  In  thequantUative  system.  328 

Summary  and  conclusions  of  the  petrologic  relations  of  the  rock  types. , . .  329 

Introduction 329 

iHumacrtpt  r*c«lTcd  bjr  tbe  SecTetar;  of  tbe  Society,  Febmsrj  8,  191S. 

(SOI) 


c.a,i..jo,t.jOOglc 


302  WAT90N  AXD  CLINB — 1QNEX)US  DIKES  IN  VlHQINIA 

Gbemical  characterB 

Mlneraloglcal  characters 

Textural  characters 

Age  relations  of  the  iKueoua  rocks 


Introduction 

Although  the  Great  Valley  region,  extending  from  Pennsylvania  to 
Alabama,  inclusive,  and  lying  immediately  northwest  of  the  eastern  crys- 
talline province,  has  been  the  subject  of  serious  study  by  many  geologists, 
the  essential  though  not  entire  absence  of  igneous  rocks  in  general  is 
noteworthy.  There  are  very  few  recorded  occurrences  of  igneous  rocks 
found  within  the  limits  of  this  vast  areal  extent  and  thickness  of  Paleo- 
zoic sediments.  Naturally,  therefore,  the  discovery  of  new  occurrences 
of  igneous  rocks  within  this  region,  although  of  common  types,  is  of  im- 
portance ;  but  when  igneous  rocks,  belonging  to  types  hitherto  unknown 
to  the  region  and  by  no  means  common  elsewhere,  are  found,  their  geo- 
logic occurrence  and  petrologic  character  become  of  still  greater  scientific 
interest  and  importance. 

The  occurrence  of  igneous  rocks  as  dikes  in  the  Paleozoic  sediments  oi 
middle  western  Virginia,  west  of  the  Blue  Bidge,  has  been  known  for 
many  years.  Fontaine,*  John  L.  and  H.  D.  Campbell,'  Darton,* 
Watson"  have  noted  and  described  dikes  of  igneous  rocks  in  this  region. 
Only  two  types,  however,  have  hitherto  been  recognized,  the  most  fre- 
quent and  common  one  of  which  has  been  diabase  including  basalt.  In 
addition  to  diabase,  Darton  has  noted  and  described  the  occurrence  ol 
granite-felsophyre  in  Alleghany  County,  Virginia,  and  several  dikes 
basalt  near  the  State  line  on  the  north,  in  Pendleton  County,  West  Vir 
ginia. 

Recent  investigations  by  the  writers,  assisted  by  Prof.  F.  J.  Wright,  ol 
Bridgewater  College,  Virginia,  have  resulted  in  the  discovery  of  numer- 
ous other  dikes  of  diabase  in  Augusta,  Rockbridge,  and  Rockin^am 
counties,  Virginia,  and  in  addition  to  diabase  four  igneous  rock  types 
hitherto  unknown  to  the  region,  the  four  new  types — quartz  gabbi 
nepheline  syenite,  camptonite,  and  teschenite  {feldspar  monchiquite) 
occurring  as  a  series  of  complementary  dikes  intimately  and  interestingly 
associated  with  each  other,  cutting  the  Shenandoah  group  of  limestones 

'The  VlrBlQlftg,  1S83,  toI.  |y,  p.  40. 

•  HcFarline-a  RhIIwhj  Guide.  1890,  p.  301. 

•Amer.  Jour.  Scl..  1890,  toI.  iixli,  pp.  268-271;  Ibid..  18B8.  vol.  vl,  pp.  30K-31B. 

Honterer  Folio.  No.  61,  VlrKlol«-\VeBt  VlrglnlB.  U.  8.  Oealoglcal  Suner.  18W. 
■Amer.  Jour.  8cl.,  190T,  vol.  iilll,  pp.  SS-SO. 
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and  later  formatioDs,  inclading  the  Mississippian  sandstones  of  Little 
Xorth  Mountain.  The  dikes  closely  parallel  each  other  and  can  be  traced 
for  long  distances  across  the  Valley  group  of  limestones  and  the  later 
rocks  of  the  Alleghany  Bidges  to  the  west,  but  they  have  not  been  traced 
farther  east  than  the  northwest  base  of  the  Blue  Kidge.  The  rocks  are 
of  especial  interest,  since  several  types  mark  the  fiTst  occurrence  yet  noted 
in  the  southeast  Atlantic  States. 

The  purpose  of  this  paper  is  to  record  the  distribution,  occurrence,  and 
relations  of  the  dikes;  describe  their  microscopic  petrography,  based  on 
the  study  of  many  thin-sections ;  discuss  their  chemical  composition, 
based  on  complete  chemical  analyses  of  the  different  types,  and  from  their 
calculated  norms  indicate  the  position  of  the  rocks  in  the  quantitative 
system. 

The  writers  do  not  claim  that  this  study  includes  the  discovery  and 
location  of  every  Bike  or  fsposure  of  igneous  rock  within  the  limits  of 
the  region;  on  the  contrary,  we  are  convinced  that  other  dikes  will  prob- 
ably be  found.  It  is  believed,  however,  that  the  investigation  has  been 
sufficiently  detailed  to  warrant  the  statement  that  the  discovery  of  addi- 
tional types  of  igneous  rocks  within  the  limits  of  the  region  is  remote, 
and  that  in  the  event  of  additional  dikes  being  discovered,  which  is  more 
than  probable,  they  will  be  found  on  careful  petrographic  study  to  belong 
to  one  of  the  several  types  recognized  and  described  in  this  paper. 

For  the  complete  and  accurate  chemical  analyses  of  the  rocks  described 
in  this  paper  the  writers  wish  to  make  grateful  acknowledgment  to  Mr. 
J.  Wilbur  Watson  and  Mr.  J.  G.  Dinwiddie,  instructors  in  chemistry  in 
the  University  of  Virginia. 

R&swt  OF  THE  Geology  of  middle  western  A.'^ihqinia 

No  attempt  is  made  here  at  a  complete  discussion  of  the  geology  of 
middle  western  Virginia,"  nor  does  the  present  problem  warrant  it.  Only 
those  features  of  the  general  geology,  therefore,  which  are  essential  to  the 
understanding  of  the  relations  of  the  igneous  materials  to  the  geology  of 
the  region  will  be  considered.  Structurally,  the  geology  of  the  region  is 
quite  varied  and  in  places  complex  because  of  faulting  associated  with 
folding. 

The  rocks  of  the  region  into  which  the  dikes  of  igneous  material  have 
been  intruded  are  entirely  of  sedimentary  origin  and  include  strata  rang- 
ing in  age  from  Lower  Cambrian  to  Mississippian   (Lower  Carbonifer- 

0  the  reader  U  referred  to  Bulletlo  U-A 
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ous).  They  include  ahales,  BandetoneB,  and  limestones,  which  show  con- 
siderable variation  in  composition  and  appearance.  They  have  suffered 
more  or  less  metamorphism  and  in  consequence  are  frequently  much 
changed,  both  Itthologically  and  stnicturaily.  They  represent  the  entire 
sedimentary  column  of  the  Shenandoah  Valley  and  the  Alleghany  Ridges 
physiographic  provinces  in  which  the  dikes  are  found.  The  geology  of 
the  region  is  shown  on  the  accompanying  map,  figure  1. 

The  formations  recognized  in  central  western  Virginia  are  given  in  the 
subjoined  table.* 

Pnleozoic;  Feel. 

CorboniferooB  (MJaaisaippian). ..  .Pocono sandstone 700 

Devonian Hampshire  as  ml  Btone 1,S00 

Jennings  ahale  and  aanrlatone 8,S00 

Romney  black  ahale 1,300 

Monterey  Bendstone 300 

Lewiatown  linieatone l 

t 1,050 

Silnrian Lewiatown  ahaly  limestone } 

RockwoDil  aantlatone,  etc. 900 

Ordovician MBBBanutten  aandslone 600 

Mart  insbiirg  shale 1,4(X} 

Cambro-Ordovician Liberty  Hall  iimeatone 3,000 ± 

(Shenandoah  group.)  Mu  rat  Iimeatone 150 

Natural  Bridge  Iimeatone .1,500 

"Boena  Vista'-  (Watauga)  shale 900 

Sherwood  (Shady  |  Iimeatone 1,800 

Cambrian  Lower  Cambrian  quartiite 800 

I^wer  Cambrian  ehale  and  qunrlzitt:.     3.000 

The  Appalachian  revolution  closing  the  Paleozoic  era  of  Bedimentation 
in  western  Virginia  resulted  in  widespread  foiding,  accompanied  in  many 
places  by  faulting,  chiefly  of  the  thrust  type,  of  the  sedimentary  forma- 
tiona  listed  above.  This  period  of  deformation,  as  is  shown  later  in  this 
paper,  occurred  prior  to  that  of  the  intrusion  of  igneous  material  as  dikes. 
The  axes  of  the  folds,  as  well  as  the  trend  of  the  major  faults,  extend  in 
a  general  northeast-southwest  direction. 

Folding  and  faulting  of  the  Paleozoic  rocks  of  this  region,  together 
with  the  long  period  of  subsequent  erosion,  have  resulted  in  the  produc- 
tion of  nearly  parallel  ridges,  which  owe  their  existence  to  the  resistant 
character  of  the  rocks.  The  drainage  of  the  region  is  well  adjusted  to 
the  rock  structure,  as  shown  by  the  stn.'ams  ha.ving  established  their 

*  Thomaa  t>.  Watwn  :  A  geolDglc  map  of  Virginia.     Vlrgtala  Qeoloj^csl  StirTer,  101], 
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cnurRea  largely  on  the  soft  rocks,  ehale  and  limestone,  which  form  the 
valleys,  and  having  avoided  the  harder  and  more  resistant  rocks,  such  as 
sandstone  and  quartzite,  which  are  ridge- forming. 

DiSTBIBDTION  AND  GEOLOGIC  FlELD  ReLATION'8  OF  THE   DlKEB 

The  dikes  of  igneous  rocks  forming  the  subject  of  this  paper  are  en- 
tirely limited  in  occurrence  to  the  counties  of  Rockbridge,  Augusta, 
Rockin^am,  and  Highland,  which  are  located  in  the  extreme  west-cen- 
tral division  of  Virginia,  partly  in  the  Shenandoah  Valley  and  partly  in 
the  Alleghany  Ridges  physiographic  provinces,  None  of  the  dikes  have 
been  observed  to  extend  farther  east  than  the  northwest  foot  of  the  Blue 
Ridge,  where  they  have  been  noted  intersecting  the  Potsdam  group  of 
Cambrian  age.  The  accompanying  geologic  map,  figure  1,  shows  the  dis- 
tribution of  the  dikes.  In  certain  areas  of  the  Alleghany  Ridges,  espe- 
cially in  the  vicinity  of  Monterey,'  Highland  County,  the  dikes  are 
numerous. 

Of  the  six  rock  types  recognized,  diabase  is  the  most  abundant  and  has 
the  widest  distribution,  being  observed  at  intervals  over  the  entire  region 
where  the  igneous  material  occurs.  The  minimum  distance  from  the 
most  southerly  to  the  most  northerly  exposure  of  the  diabase  is  about  60 
miles,  and  for  an  east-west  distance  o£  about  50  miles,  extending  from 
the  foot  of  the  Blue  Ridge  almost  to  the  Virginia-West  Virginia  bound- 
ary. Exposures  of  diabase  are  not«d  at  numerous  points  between  these 
extremes.  On  the  other  hand,  the  dikes  of  granite-felsophyre  are  re- 
stricted in  distribution  to  a  limited  area  in  the  vicinity  of  Monterey, 
Highland  Connty,  while  those  of  nepheline  syenite,  teschenite,  and  camp- 
tonite,  together  with  a  single  dike  of  quarts  gahbro,  occur  in  a  closely 
associated  series  confined  within  comparatively  narrow  limits  in  the 
northern  part  of  Augusta  County.  The  distribution  of  the  dikes  is 
shown  on  map,  figure  1. 

In  no  ease  baa  the  igneous  rock  been  observed  as  a  continuous  exposure 
at  the  surface  for  any  great  distance,  but  the  exposures  appear  at  irregu- 
lar intervals  in  lines  which  either  extend  entirely  across  the  Valley  prov- 
ince or  in  shorter  parallel  lines  to  these.  Thus  far  the  maximum  distance 
for  which  a  single  exposure  has  been  traced  does  not  exceed  1.5  miles, 
and  as  a  rule  the  exposures  are  very  much  shorter,  frequently  being  meas- 
ured by  only  a  few  yards.    So  far  as  could  be  determined,  the  dikes  over 

'  N.  H.  Darton :  Amer.  Jour.  Scl.,  1890,  vol.  mli,  pp.  289-271 :  Ibid..  ISflS.  ™i.  t1, 
pp.  806-316. 

Monterer  PoHo,  No.  61,  Vlrflnls-Wwt  Virata,  V.  8,  Geological  SnrTtr,  1898. 


Digitized  bvGoOgIc 


Di„i6.db,Googlc 


si  ' 


1   i 

I     8 


SI    : 
li  I 

5  is  s 

?:=  1 


Vi 


O 
Digitized  bvGoOgIC 


DI8TBIBUTI0N  OF  GEOLOGIC   FIELD  RELATIONS  307 

the  entire  region  maintain  a  general  similarity  in  direction  of  strike  to 
the  northwest.  In  other  words,  they  apparently  He  in  the  northwest 
qnadrant,  but  naturally  exhibit  varying  degrees  of  strike  within  the  limits 
of  the  quadrant.  An  exception  to  this  was  noted  in  the  dike  at  Loch 
Laird,  which  diabase  has  been  intruded  between  nearly  vertical  beds  of 
calcareous  shale  belonging  to  the  Shenandoah  gronp  of  limestones  (see 
plate  7).  Whether  or  not  this  representa  one  of  a  series  of  outcrops  of 
the  same  dike  across  the  valley  in  that  latitude  is  not  known.  Farther" 
north  a  single  occurrence  of  this  kind  is  always  accompanied  by  a  number 
of  others  distributed  in  relation  to  it  in  the  manner  described  above.  A 
second  exception  is  noted  in  some  of  the  dikes  of  the  Monterey  district  in 
Highland  County,  where  possibly  they  are  aligned  in  a  north-northeast 
direction. 

In  width  the  dikes  vary  from  4  feet  up  to  80  feet,  with  a  probable 
average  of  about  30  feet.  They  may  be  readily  traced  by  the  character 
of  their  residual  soil  and  by  the  presence  of  abundant  large  and  small 
weathered  boulders,  so  thickly  strewn  over  the  surface  along  the  direction 
of  strike  as  to  make  agriculture  iraposaible  in  many  cases  (see  plates  8 
and  9).  ITsually  the  boulders  of  the  basic  rocks  (diabase,  camptonite, 
and  teschenite)  exhibit  well  rounded  form  from  spheroidal  weathering 
(see  plate  8,  figures  1  and  3).  The  basic  dikes  as  a  rule  exhibit  but 
slight  or  no  topographic  expression,  while  the  more  acid  rock  nepheline 
syeaite  occupies  the  crests  of  ridges  and  is  exposed  both  by  a  line  of  low 
weathered  reefs  and  loose  masses  that  are  only  partially  rounded  (see 
plate  9,  figure  1). 

With  the  single  exception  noted  above  of  diabase,  the  distribution  of 
the  dikes  of  igneous  rocks  and  their  structural  features  bear  no  evident 
relation  to  the  dominant  Appalachian  structure.  The  lines  of  outcrops, 
as  well  as  the  individual  outcrops  themselves,  strike  in  a  direction  nearly 
normal  to  the  axes  of  the  structure  of  the  Paleozoic  sediments.  As  may 
be  seen  by  consulting  the  accompanying  map,  figure  1,  the  dikes  maintain 
fairly  close  parallelism  with  each  other,  and,  moreover,  they  sustain  the 
same  relations  to  the  inclosing  sedimentary  rocks  regardless  of  their 
lithologic  character  and  the  attitude  of  the  beds. 

To  the  writers  it  seems  hardly  reasonable  to  assume  that  the  above  ar- 
rangement of  the  dikes — their  direction  of  strike  and  the  structure  of  the 
inclosing  rocks — is  fortuitous.  It  is  rather  to  be  inferred  that  their  gen- 
eral uniformity  in  direction  of  strike  is  the  expression  of  some  structural 
feature  developed  in  the  Shenandoah  group  of  limestones  and  other  later 
formations  of  the  region  at  some  period  postdating  the  folding  and  fault- 
ing of  the  roclis  from  the  Appalachian  revolution  which  closed  the  Paleo- 
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zoic  era.  The  tendency  of  dike  control  by  joints  and  faults  is  a  matter  of 
record  in  many  cases  and  hns  been  observed  in  near-by  regions,  namely, 
in  the  Bichmond  coal  basin  by  Sbaler  and  Woodworth*  and  in  the  granite 
and  sandaloue  areas  of  Xorth  Carolina  by  Watson  and  Laney,'* 

The  investigations  by  the  writers  of  the  Virginia  region  suggest  to 
them  that  the  dikes  which  form  the  subject  of  this  study  have  followed 
fisaures  along  lines  of  normal  faulting  and  probably  jointing  which  ex- 
•  hibit  the  same  direction  of  strike,  developed  contemporaneously  with  the 
period  of  deformation  resulting  in  the  production  of  faults  in  the  Tri- 
assic  areas  of  the  eastern  United  States.  Normal  faults  in  the  sedimen- 
tary rocks  west  of  the  Blue  Ridge  correlated  by  the  writers  with  the  Tri- 
asfiic  period  of  deformation  have  been  observed,  and  further  careful  study 
will  doubtleas  reveal  them  in  considerable  numbers.  In  the  Cambrian 
areas  immediately  east  of  the  Blue  Ridge  in  Virginia,  where  conditions 
are  favorable  for  observation,  normal  faulting  in  at  least  two  directions 
has  been  observed  by  the  writers  which  equals  in  development  that  of  the 
Triassic  areas  near  by.  Evidence  of  the  period  of  deformation  which  re- 
sulted in  the  production  of  normal  faults  in  these  Cambrian  areas  indi- 
cates to  the  writers  that  which  was  productive  of  similar  structure  in  the 
Triassic  areas.  It  would  seem  probable,  therefore,  that  normal  faulting 
of  the  Triassic  beds  was  developed  by  disturbances  more  widespread  in 
the  Appalachian  region  than  has  been  previously  supposed. 

Contact  Mbtamorphism 

Although  the  dominant  type  of  sedimentary  rocks  intruded  by  the 
dikes  is  limestonp,  and  although  the  igneous  bodies  are  of  fairly  good 
size,  measuring  in  some  instances  as  much  as  80  feet  in  width,  no  appar- 
ent contact  metamorphism  has  been  noted.  Angular  fragments  of  the 
limestones,  mostly  of  very  small  dimensions,  were  found  incorporated  in 
the  substance  of  some  of  the  basic  dikes,  which  are  entirely  unaltered  and 
without  evidence  of  the  slightest  corrosion  effect.  Sharp  contacts  be- 
tween the  nepheline  syenite  and  inclosing  limestone  were  observed,  where 
minute  dikelefs  (apophyses)  of  the  syenite  occupied  fractures  in  the  lime- 
stone several  inches  in  length,  and  small  fragments  of  the  limestone  were 
also  incorporated  in  the  syenite,  but  without  the  slightest  manifestation 
of  alteration. 

•  19th  Ann.  Il^pr.  V.  8,  Oeologiol  Survpj'.  part  II.  fSBT-lSOS.  p.  <0«. 
>•  Nortb  CBrollna  Geologlwil  Surver,  Bulletin  No,  II.  1806,  pp.  178-179,  182,  184-187. 
E41-S4S. 
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GeHBEAL  PeTHOLOOT  of  the  IGNE0C8  EOCKS 
INTRODVCTORT  BTATEUSST 

In  the  region  as  previously  defined  there  occurs  a  variety  of  igneous 
rocks  of  both  acid  and  basic  character,  the  latter  greatly  predominating. 
Their  only  mode  of  occurrence,  so  far  as  observed,  is  in  the  fonn  of  dikes 
of  variable  size.  Six  types  have  been  recognized,  arranged  in  order  of 
decreasing  silica,  as  follows:  (a)  Felsophyre,  (6)  quartx  gabbro,  (c) 
nepheline  syenite,  (rf)  teschenite,  (e)  camptonite,  and  (/)  diabase. 
These  are  discussed  below  in  the  order  mentioned.  Their  gneral  distri- 
bution and  occurrence  have  already  been  discussed. 

When  frngments  of  the  nepheline  syenite,  tenehenitp,  and  camptonite 
were  powdered  and  boiled  with  dilute  hydrochloric  acid,  filtered,  and  the 
filtrate  evaporated,  a  considerable  amount  of  gelatinous  silica  was  de- 
posit«d.  As  developed  in  the  microscopic  description  of  these  three  rock 
tvpes,  the  minerals  which  yielded  to  the  acid  are  nepheline  in  the  syenite 
and  anatcite  in  the  teschenite  and  camptonite. 

ORA MTBFEI^OPH TRB   ( TOBCA .VOSB) " 

General  statement. — Thus  far  this  type  of  rock  ia  restricted  in  occur- 
rence to  a  series  of  small  dikes  in  the  vicinity  of  Monterey,  Highland 
County,  Virginia.  The  dikes  of  felsophyre  are  more  or  less  closely  as- 
sociated with  those  of  basalt.  Exposures  of  the  acid  rock  are  found  to 
the  northeast,  nori;h,  and  northwest  of  Monterey,  in  the  Alleghany  Ridges 
province,  and  have  been  briefly  described  by  Darton,  who  was  the  first  to 
note  them.  They  intersect  or  cut  the  Shenandoah  limestone  of  Camhro- 
Ordovician  age,  the  Rockwood  (Clinton)  shales,  and  the  Romney  shales. 
The  specimens  collected  by  Darton  were  studied  microscopically  by  Keith, 
who  classified  the  rock  as  "felsophyre." 

yfegascopK  character. — The  rock  of  these  dikes  when  fresh  ia  light 
gray  or  dove-colored  and  of  fine-grained  porphyritic  texture.  Pheno- 
crysts  of  feldspar  (albite  and  orthoclase),  biotite,  and  augite,  developed 
usually  with  crystal  outlines,  are  set  in  a.  fine-grained,  light-gray  ground- 
mass.  These  minerals  are  subject  to  much  variation  in  amount,  plagio 
clase  and  biotite  being  perhaps  the  most  abundant,  while  augite  usually 
has  scant  development.  As  a  rule  the  plagioclase  (albite)  phenocrysts 
are  kaolinized  and  can  thus  be  distinguished  from  the  unaltered  ortho- 
clase in  hand  specimens. 

"  Moat  ot  the  facts  relitlDK  to  Ihla  tjpe  bave  bwa  >list»ct^  fmm  xXtt  work  ot  Dar- 
ton and  S«llb :  Amer.  Jour.  Scl„  1S08.  vol.  vi.  pp.  300-319  :  MoDtert;  Polio,  Na  61, 
VlrtliilB-W«at  TIrglDta.  C.  8.  Geoloilcat  Sarrc;.  189S. 
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Muroscopic  character. — The  microscopic  petrography  of  these  rocks  is 
comparatively  simple.  In  thin-sections  the  principal  minerals  composing 
tlie  ground-mass  are  a  fine  aggregate  of  feldspar  (sodic  plagioclase  and 
orthoclase).  quartz,  biotitc,  and  magnetite.  No  glass  has  been  i,dcntifie(l- 
Set  in  this  mlcrocry stall ine  ground-mass  are  phenocrysts  of  plagioclat* 
(albite),  orthoclase,  biolite,  and  augite,  which  usually  exhibit  cn-stal 
boundaries.  Occasionally  some  of  the  phenociysts  of  each  mineral  oou- 
tain  ineluaions  of  the  ground-mass.  Secondary  minerals  derived  from 
the  original  ones  by  weathering  are  few  in  number,  comprising  chiefly 
kaolin,  chlorite,  muscovite,  and  in  sections  showing  greatest  alteration 
ealcite  and  limonite. 

Chemical  composition  and  classification  in  the  qiumiitaiive  gystem.— 
In  order  to  show  the  composition  of  this  rock,  there  is  given  in  column  I 
in  the  subjoined  table  a  chemical  analysis  made  by  Dr.  W.  F.  Hillebrand 
on  a  typical  sample.  For  comparison,  there  are  added  two  analyses  of 
related  rocks— a  trachyte  ( ?)  in  eolunm  II  and  a  granite-porphyn,'  in 
column  III.  As  may  be  ol)served  from  an  examination  of  the  table,  the 
three  rocks  are  remarkably  similar  in  chemical  composition.  They  fall 
into  the  same  position  in  the  quantitative  system"  and  are  designated 
by  the  subrang  name  toscanose. 

Analy»ci  ot  FeUophyre  anil  related  Rocks 
(W.  F.  Hillebrand,  analyst) 

I  la  tl  III 

SIO,  ....• 69.M    .    1.159        68.52  69.68 

A1,0, 1B.52  .152         16.44  14.97 

Fe,0,  l.ttT  .011  1.90  0.79 

FeO  1.19  .017  0.0&  0.34 

MgO   0.41  .010  0.17  0.66 

CaO    1.3D  .021  1.70  2.10 

Na,0   4.4«  .073  4.54  3.38 

K,0    4.68  .060  5.04  4.40 

H,0—  O.-'M  ....  0.33  1.10 

H,0-|-    0.67  ....  0.27  0.92 

TIO,    0.31  .004  0.23  0.28 

P,0,    0.08  .001  0.14  0.17 

MnO   0.07  .001  0.06  Trace 

BaO    0.10  .001  0.19  0.14 

SrO  Trace  

Lt,0  Trace  

CO, None  0.17  0.88 

S Trace  

__^^^  "^-Sfi  l»-9f>        99.86 

"  H.  S.  WasbiDgton  :  Protpsglonal  Paper  No.  14,  U.  B.  GeoloEtol  aarvcj,  1903,  PP^ 
ieO-161,  164-1  SB. 
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I.  FelBopbyre  from  Monterey  Uonntain,  HlKfaland  Oouat7.  Vii^lnlB.  Darton 
and  Keith,  American  Journal  of  Science,  1898,  rol.  Tl,  p.  307. 

la.  Holecttlar  ratios  from  I. 

II.  Tracbjle  (?)  from  Bobbins  Brancb,  Pikes  Peak,  Colorado.  W.  Cross. 
Bulletin  148.  U.  8.  Geological  Survey.  1807,  p.  163. 

III.  Qranlte-porpbyry  from  Wolf  Batte,  Little  Belt  Mountains,  MonUua. 
L.  T.  Plrasoo,  Twentieth  Annual  Report  U.  S.  Geological  Sun-ey.  1900.  part  111, 
p.  498. 

The  norm,  as  computed  from  the  analysis  in  column  T,  and  the  position 
of  the  Virginia  mek  in  the  quantitative  system  are  as  follows: 

Sal        94.43 

laaa,  ^ =  19.7  ^  I,  persalane. 

84  43  'Fern       4.80 

y     22.60 
Order,  —  =  ; =0.31  =  4,  britannare. 

K,0  +  Na,0      122 
K»D8.       -  ^-^  =  -^  =  0.42=(Xl2,  toscanase. 


Q 

..  22.50 

Or.... 

..  27.80 

Ah... 

. .  37.73 

An... 

..     5.28 

..     1.12 

Hv... 

..     1.53 

. .    2.32 

*P.- 

.,    0.34 

K,0      50 
Sobrang,  ^^p-  =  rr  =  0.69=  3'.  toacanoee. 


{T0KAL08B  (1(1 


Megascajnc  character. — Only  a  single  occurrence  of  this  type  has  been 
noted  in  the  region.  It  is  found  aa  a  single  dike,  70  feet  wide,  in  inti- 
mate association  with  the  complementary  series  of  dikes  of  nepheline 
syenite,  teachenite  (analcite-baaalt),  and  camptonitc,  occurring  in  the 
northern  part  of  Augusta  County.  The  dike  of  quartz-gabbro  crosses 
the  public  road  on  the  Arey  farm  1.5  miles  south  of  Milnesville,  and 
can  be  traced  ftlong  a  north  55°  west  direction  for  several  hundred  yards 
through  the  fields  on  either  side  of  the  road.  Twenty-five  feet  south  of 
the  quartz-gabbro  dike  is  a  parallel  one  of  camptonite  not  exceeding  10 
feet  in  width,  and  which  can  be  traced  for  a  somewhat  greater  distance. 

The  quartz-gabbro  is  a  dark  bluish-gray,  medium  to  fine  even-granular 
(granitoid)  rock,  which  weathers  to  yellowish  brown  in  color.  Both 
feldspar  and  quartz  are  readily  distinguishable  in  hand  specimens,  with 
the  former  greatly  in  excess.  Certain  phases  of  the  rock  exhibit  areas  a 
few  inches  in  diameter  in  which  quartz  is  apparently  equal  to  or  greater 
in  amount  than  feldspar.  The  quartz  is  usually _of  a  bluish  opalescent 
appearance.  In  addition  to  the  felsic  minerals,  quartz  and  feldspar, 
hand  epecimens  are  dotted  with  pseudomorphs  after  pyroxene  of  from 
3  to  3  millimeters  in  diameter.     They  are  bluish-black  in  color  and  some- 
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times  reeeiuble  in  outline  the  stout  prismatic  forms  of  pyroxene.  One 
of  the  paeudomorphs  removed  from  the  rock  was  found  to  be  strongly 
magnetic,  and  when  treated  with  cold  dilute  hydrochloric  acid  efterresced 
freely,  clearly  indicating  its  composition  to  be  magnetite  and  calcite, 
although  the  calcite  was  masked  by  the  greater  abundance  of  magnetite. 

Microscopic  character. — When  examined  microscopically  in  thin-sec- 
tions, tiie  essential  minerals  of  the  rock  are  fonnd  to  be  plagioelase  feld- 
spar (labradorite),  ortboclase,  quartz,  and  pyroxene  (augite).  The  rock 
appears  fresh  in  the  hand  specimen,  but  thin-sections  under  the  micro- 
scope indicate  considerable  alteration,  which  is  also  shown  in  the  high 
percentages  of  CO,  and  11,0  in  the  chemical  analysis  below. 

The  dominant  feldspar  is  labradorite  developed  in  large  formless  grains 
and  in  small  lathlike  crystals,  occupying  areas  between  the  larger  grains 
of  the  rock  constituents.  A  second  plagioelase  highly  eodic  and  exhibit- 
ing multiple  twinning  is  present  in  minor  quantity  and  is  identified  as 
albite.  Orthoclase  is  a  constant  constituent,  but  is  Icbs  abundant  than 
labradorite.  It  occurs  in  scattered  irregular  shaped  grains,  some  of  which 
rival  in  size  labradorite.  The  feldspars  are  completely  altered  in  some 
cases  to  an  aggregate  chiefiy  of  minute  granular  calcite,  quartz,  and 
kaolin. 

Quartz  is  an  important  constituent  of  the  gabbro,  but  is  much  less 
abundant  than  feldspar.  It  is  developed  in  anhedral  forms  of  good  size 
interlocked  with  each  other  or  with  feldspar.  Liquid  and  gas  inclusions 
are  numerous  and  frequently  needle-like  fonns  of  rutile  and  amphibole 
are  noted,  the  latter  (amphibole)  being  also  observed  as  inclusions  in  the 
feldspar.  A  peculiar  feature  of  the  quartz  is  its  biaxial  character,  the 
optic  angle  being  larger  than  that  ordinarily  observed  in  biotite. 

Pyroxene,  probably  originally  present  as  the  varieties  augite  and  hy- 
persthene,  is  partially  or  completely  altered  chiefly  to  calcite  and  magne- 
tite, with  admixed  chlorite  and  quartz.  At  present  only  the  monoclinic 
pyroxene,  nearly  colorless  augite,  is  distinguishable,  the  alteration  prod- 
ucts of  which  are  calcite,  chlorite,  and  quartz,  with  only  a  little  magnetite. 
The  dark,  nearly  black  pseudomorphs  observed  in  the  hand  speeimena 
and  described  megascopically  above  were  very  probably  derived  from  an 
iron-rich  pyroxene  of  different  variety  from  the  existing  one — nearly 
colorless  augite — probably  a  rhombic  pyroxene  of  hypersthene  composi- 
tion. In  thin-sections  the  pseudomorphs  are  seen  to  he  composed  of  a 
matrix  of  calcite  thickly  set  with  minute  crystals  of  black  magnetite, 
frequently  so  abundant  as  to  almost  entirely  mask  the  substance  of  the 
calcite.  They  exhibit  as  a  rule  irregular  boundaries,  but  in  some  cases  a 
strong  tendency  toward  prismatic  forms  is  indicated.  Fractures  in  the 
unaltered  augite  are  preserved  in  the  pBeudomorpha,  but  magnetite  is 
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essentially  absent  from  them,  although  it  occurs  iu  great  profusion  in  the 
substance  of  the  other  alteration  products  derived  from  the  auglte. 

Biotite  is  developed  as  a  minor  constituent  in  small  crystals  and  flakes, 
with  the  usual  pronounced  pleochroiBm.  Primary  or  original  magnetite 
in  scattered  crystals  and  occasional  pyrite  make  up  the  other  accessory 
minerals. 

Chemical  composition  and  classification  in  the  quantitative  system. — 
The  chemical  composition  of  the  quartz-gabbro  (norite)  is  shown  in  the 
subjoined  analysis  made  by  Mr,  J,  G,  Dinwiddie.  The  large  percentages 
of  HjO  and  COj  given  in  the  analysis  clearly  show  that  the  rock  was  not 
fresh,  although  it  had  the  appearance  of  such  in  the  hand  specimen. 

Anojyfia  and  Korm  of  Quartz-Oabbro,  1.5  Mile»  South  of  Milne»viile,  Aumntla 

Ooimtj/,  Virptnla 

(J,  G.  Dinwiddie,  analyst) 


SiO, 57.62 

A1,0, 16.44 


Fe,0,. 
FeO.... 
HgO  ... 

c«o.... 

Na,0... 
K,0.... 
H,0-. 
H,0  +  . 
TiO,. . . . 
MnO... 
P,0^... 
CO, ... . 


2.63 
6.40 
2.91 
1.62 
0.20 
1.15 
0.64 
0.27 
0.29 
3.75 


An 27.24 


Hy 11.97 


The  position  of  the  rock  in  the  quantitative  system  may  be  expressed 
as  follows: 


Sal       76. m 
"'  Fem"l9.18~ 
,       Q      15.78 
^*''7  =  t;^7  = 


3,99  =  11,  do8«lane. 
1.26—4,  austrare. 
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XBPHBLIKB  eVBSITS    lUIABKOaS) 

Megascopic  character, — Map,  figure  1,  shows  two  lioes  of  outcrop  of 
noplieline  syenite,  which  for  convenience  of  description  may  be  deaig- 
iiated  the  north  dike  and  the  south  dike,  located  3V^  miles  from  each 
other.  For  purposes  of  description  this  designation  into  a  north  and 
south  dike  is  important,  since  the  rock  in  tlie  two  localities  exhibits 
marked  di£Eerences  in  texture  and  mineral  composition. 

The  rock  of  the  north  dike,  which  is  prominently  developed  on  the 
Olick  farm,  is  dove-colored  when  fresh,  strongly  resembling  many  of  the 
associated  limestones  of  the  Shenandoah  group,  for  which  it  might  easily 
he  mistaken  unless  carefully  ejtamined.  It  is  porphyritic  in  texture,  with 
a  medium-grained  ground-mass,  in  which  a  sprinkling  of  orthoclase  crys- 
tals, a  few  hexagonal  plates  of  biotite,  and  an  occasional  crystal  of  horn- 
blende are  developed  as  phenocrysts.  The  ortlioclase  is  colorless  to  li^t 
gray,  has  gliBtening  cleavage  surfaces,  and  is  idiomorphic  in  outline.  Its 
crystals  attain  a  maximum  of  5  millimeters  in  length  and  4  millimeters 
in  width.  The  few  glistening  brown  plates  of  biotite  average  from  2  to  3 
millimeters  in  diameter,  while  the  occasional  phenocrysts  of  greenisli- 
black  hornblende  have  a  maximum  length  of  7  millimeters.  Partially 
weathered  specimens  of  the  rock  frequently  exhibit  a  mottled  appearance 
from  light  gray,  irregular  areas  of  dull  earthy  luster  and  bluish  cast. 

The  rock  of  the  south  dike  (plate  7,  figure  1)  is  medium-grained  and 
of  light  gray  color,  with  a  pronounced  granitic  habit.  Its  most  abundant 
megascopic  constituents  are  the  light-colored  minerals,  feldspar  and 
nepheline,  which  can  usually  be  distinguished  from  each  other  in  hand 
specimens.  The  feldspar  is  generally  developed  in  small  prismatic  crys- 
tals and  formless  grains,  with  good  cleavage,  while  the  nepheline  is  devel- 
oped in  irregular  grains  without  noticeable  cleavage  and  possesses  an  oily 
luster.  Fragments  of  the  latter  when  isolated  from  the  rock  and  tested 
fueed  eaeily  before  the  blowpipe  and  were  readily  soluble  in  hydrochloride 
acid,  which  on  evaporation  yielded  copious  gelatinous  silica.  Similar 
results  were  obtained  from  tests  made  on  fragments  of  the  rock  from  the 
north  dike.  The  only  other  visible  megascopic  constituents  are  a  green- 
ish-black hornblende  developed  in  fair  abundance  in  small  anhedra,  the 
largest  of  which  measure  3  millimeters  in  length,  and  occasional  crystals 
of  black  biotite. 

Weathered  surfaces  of  the  nepheline  syenite  from  the  south  dike  are 
quite  interesting  in  afFording  beautiful  illustrations  of  differential  weath- 
ering of  the  essential  rock  minerals.  The  hornblende  and  feldspar  stand 
out  in  prominent  relief,  while  the  removal  by  weathering  of  the  leas  re- 
sistant nepheline  produces  a  characteristic  pitted  surface.    The  protru- 
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siona  of  light  minerals,  however,  are  not  composed  entirely  of  the  feld- 
spars, since  some  nepheline  occurs  in  them  protected  by  a  network  of 
small  feldspar  crystals. 

Microscopic  character. — The  mineralogical  composition  of  the  two 
nepheline  syenite  dikes  is  essentially  the  same  except  that  in  the  north 
dike  the  chief  mafic  mineral  is  biotite,  while  in  the  south  dike  it  is  horn- 
blende, lu  both  instanceB  the  dark  minerals  constitute  only  a  small  per- 
centage of  the  rock.  The  rock  consists  essentially  of  the  telsic  minerals 
feldspar  (orthoclase  and  albite)  and  nepheline,  which  in  the  thin-sections 
appear  in  nearly  equal  amounts,  although  the  relative  proportions  vary 
greatly  in  different  parts  of  the  same  section. 

The  dark  constituents,  named  in  order  of  abundance,  are  hornblende, 
biotite,  and  iron  oxide  (probably  magnetite).  An  occasional  crystal  of 
aiigite  is  sometimes  developed  in  the  rock  of  the  north  dike.  Apatite  and 
rutile  occur  as  minor  microscopic  accessories  in  the  form  of  inclusions  in 
the  other  minerals.  Alteration  of  the  original  minerals  has  resulted  in 
the  development  of  abundant  zeolites,  kaoHnite,  calcite,  chlorite,  musco- 
vite,  epidotc,  and  iron  oxide. 

The  two  feldspars,  orthoclase  and  albite,  appear  to  be  present  in  about 
equal  quantity,  but  are  unevenly  distributed  through  the  sections.  They 
(especially  plagioclase)  are  very  abundant  in  some  parts  of  the  sections 
and  almost  absent  from  others.  Albite  occurs  in  idiomorphic  lath-shaped 
forms  and  in  allotriomorphic  grains  and  exhibits  characteriatic  multiple 
twinning.  It  was  one  of  the  earliest  of  the  essential  minerals  of  the  rock 
to  crystallize,  and  in  those  areas  of  the  thin-sections  where  it  is  especially 
abundant  the  lath-shaped  forms  cutting  the  other  minerals  give  the  rock 
a  pronounced  ophitic  texture.  It  is  usually  clouded  with  dustlike  inclu- 
sions. In  the  north  dike,  which  represents  the  porphyritic  type  of  the 
nepheline  syenite,  orthoclase  occurs  in  two  distinct  forma,  as  idiomorphic 
forma  developed  as  phenocrysts  and  as  allotriomorphic  grains  in  the 
ground-mass.  In  the  south  dike  it  occurs  only  as  formless  grains,  ex- 
hibiting good  cleavage  development  in  two  directions.  Except  horn- 
blende, orthoclase  is  the  freshest  mineral  in  the  rock. 

N^epheline  is  an  abundant  constituent  in  all  the  thin-sections;  it  occurs 
both  as  crystals  showing  rectangular  and  hexagonal  outlines  and  as 
masses  of  irregular  outline.  Its  period  of  crystallization  was  earlier  than 
that  of  the  mafic  silicate  minerala  and  it  frequently  cuts  or  is  included 
in  them.  The  nepheline  is  usually  more  or  less  altered,  a  very  common 
form  of  alteration  being  to  fibrous  zeolites,  whose  fibers  are  arranged 
nomal  to  the  altered  surface.  More  or  less  calcite  and  other  secondary 
products  in  small  particles  are  often  associated  with  the  zeolites,  and 
XXll—Bvu„  Obol.  8oc.  An.,  Yoi~  24, 1»I2 
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these  may  form  an  aggregate  constituting  a  pseudomorph  after  the 
nepheline. 

Hornblende  and  biotite  occur  as  original  minerals  in  at]  thin-sections 
studied.  In  the  south  dike  hornblende  is  abundant,  with  rare  flakes  of 
biotite,  while  in  the  north  dike  biotite  ia  the  most  abundant  mafic  min- 
eral, with  rare  crystals  of  hornblende.  This  constitutes  the  only  impor- 
tant mineralogical  difference  between  the  two  dikes  of  nepheline  syenite. ' 
When  hornblende  is  the  chief  constituent  it  occurs  in  formless  grains  and 
crystals  with  partial  boundaries,  and  in  microliths  scattered  through  the 
colorless  minerals  or  in  radiating  groups.  Hornblende  is  of  green  color 
and  pleochroic,  x  ^^  green,  y  =  light  green,  and  x  ^  greenish  yellow.  It 
is  associated  with  brown  biotite  and  green  chlorite  as  alteration  products. 
The  inclination  of  j  to  c  is  nearly  10°,  and  the  variety  ia  probably  bark- 
evikite.  Hornblende  in  small  grains  occurs  sparingly  in  thin-sections  of 
tile  rock  from  the  north  dike. 

Biotite  is  pertly  brown  and  partly  green  in  color,  both  colors  frequently 
occurring  in  the  same  individual,  with  the  green  occupying  the  outer 
border.  In  otlier  eases  the  crystal  is  entirely  brown  or  entirely  green. 
The  green  color  in  some  instances  is  certainly  due  to  chloritization,  and 
this  may  possibly  be  the  case  in  most  instances  where  green  ia  shown.  A 
little  iron  oxide  and  a  black  opaque  mineral  in  irregular  shaped  forms  up 
to  0,5  millimeter  in  length,  probably  ilmenite,  occur  in  all  thin-sections, 
but  never  in  abundance. 

Chemical  composition  and  classification  tn  the  quantitative  system. — 
■  An  analysis  of  each  of  the  two  dikes  of  nepheline  syenite  is  given  in  Hie 
table  below,  the  north  dike  being  represented  by  the  analysis  in  column  I 
and  the  south  dike  by  the  analysis  in  column  II.  The  two  analyses  are  in 
very  close  agreement,  and  the  two  rocks,  as  with  nepheline  syenite  in  gen- 
eral, are  characterized  by  medium  low  silica,  high  alumina  and  alkalies, 
but  especially  liigh  soda. 

Chemical  Analyses  of  yephellne  Syenite  from  Auguata  Oounttl,  Ttrginia 
Nortb  dike              South  dike 

I  la             II            IIo 

SIO,  54,77  .912  B3.G7  .892 

AI,0,  21.41  .210  22.46  .221 

Fe,0,  2.46  .016  1.01  .006 

FeO   0.68  .010  0.02  .013 

MgO  0.18  .OM  0.37  .009 

OaO  0.47  .009  1.49  .027 

Na,0   9.53  .163  10.22  .165 

K,0   4.97  .053  5.14  .054 

H,0—   : . . .      0.17       0.43  

H,0+   4.61  ....  aST  .... 
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TiO, 0.08 

BtoO  0.68 

P/>,  ao7 

CO,  O.0S 


0.11 
0.90 
0.17 


100.11  100.57 

I.  Nepbellne  Byenlte  frtHn  Ollck  fnnn,  4  miles  east  of  Mount  Solou,  Augusta 
Countr.  Vlnclola.    J.  Wilbur  Watson,  analyst 

la.  Molecular  ratios  from  I. 

II.  Nepliellne  srenlte  from  property  adjololns  tbe  Cbarlea  Curry  farm,  5 
miles  Boutbeaat  of  Mount  Solon,  Augusta  County,  Virginia.  J.  Q.  Dinwiddle, 
analyst. 

Ila.  Molecular  ratios  from  IT. 

The  norma  computed  from  the  chemical  analyses  in  columuB  I  and  II 
of  the  table  above  and  the  position  of  the  rocks  in  the  quantitative  system 
are  expressed  as  follows : 

North  DiU  (J) 

Nonn  lUllw 

Sal         90  Su        ,„„        , 

=r~=     ^  =17.8=  .  persauie. 
Fem       6.07  '  *^ 

^      24.H      „„„      „ 
F  =  M2I=**^  =  ''™-"- 
K,0  +  M«,0      20fl_ 
CaO        "'T" 
K,0 


Ne... 
01.. 


.  24.14 
0.411 


Order, 

_ o:«' 

Mt 3.71}-  6.07    Bang, 

II 0.1B 

Ap O.34J 

H,0 4.78  Subra 

CO, 0.03 

100,23 


-0.34  =  4,  misskoee. 


Or 30.02 


,02-1 
■SI    89 


-  —  12.4  "  1',  peraalane. 


&°; 


,.  0.46 

,.  0.34 

,.  0.34 

..  3.40-^ 

,.  0.9& 

100.72 

I.    e.    1.    4. 
I.    «(7).    1.    4 
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Out  of  a  total  of  46  rocks  listed  in  Washington's"  tables  aa  miaakoge, 
10  are  nepheline  syenites. 

rSSCHEXITE  OS  AXALCITE-BA8ALT   (MOSCHI<iUOBB  {1}) 

Megascopic  character. — The  rocka  included  under  this  name  are  very 
dark  gray,  almost  black  iu  color,  and  usually  porphyritic  in  texture, 
although  suiiie  upeL-iiueus  HJiuw  very  few  phenocrysts.  Augite  and  biotite, 
usually  developed  with  crystal  bouodacies,  and  the  former  always  in 
excess  of  the  latter,  are  the  malic  minerals  occurring  as  phenocrysts. 
Though  less  abundant,  biotite  is  more  conspicuous  aa  a  phenocryst  and 
occurs  in  larger  crystals  than  augite.  The  largest  liiotite  crystals  attain 
a  size  of  1  centimeter  iu  diameter,  but  most  of  them  average  about  1 
millimeter.  Crystalsi  of  augiie  averaging  about  3  millimeters  in  length 
exhibit  perfectly  developed  prismatic  and  pinacoidal  faces.  The  ground- 
mass  in  which  these  phenocrysts  are  set  is  fine  granular,  but  on  close 
examination  both  dark  and  light  colored  minerals  are  distinguishable, 
the  former  always  in  excess.  With  the  aid  of  a  pocket  lens,  a  fair 
abundance  of  the  light  minerals  can  be  detected  occupying  positions  be- 
tween the  dark  constituents. 

One  of  the  most  (^onspicuuut^  megascopic  features  of  some  hand  speci- 
mens of  the  rock  is  the  large  amount  of  calcite  and  flesh-colored  analcite 
occupying  spherical-slmped  areas  somewhat  abundantly  scattered  through 
the  rock.  Sometimes  calcite  alone  completely  occupies  the  area,  less 
often  analcite ;  but  as  a  rule  the  two  minerals  occur  together  in  the  same 
area,  when  cak-itc  forms  the  center  and  analcite  the  rim  or  border.  The 
areas  rarely  exceed  1.5  centimeters  in  diameter,  with  an  average  of  about 
5  millimeters.  The.=e  areas  probably  represent  phenocrysta  and  are 
similar  to  those  described  in  detail  under  camptonite. 

Microsvopic  character. — In  thin-sections  under  the  mierosoope  the  fol- 
lowing primary  minerals  are  seen :  Augite,  biotite,  magnetite,  plagioclase 
and  orthudase  feldspar,  analcite,  and  a  little  apatite.  All  thin-seciions 
examined  show  alteration,  tlie  secondary  minerals  named  in  order  of 
abundance  being  calcite,  zeolites,  chlorite,  muscovitc,  and  pyrite. 

One  of  the  must  abundant  of  the  original  colorlens  minerals,  analcite, 
has  been  completely  altered  in  most  of  the  thin-sections  into  cloudy 
aggregates  of  minute  particles  of  intimately  associated  calcite,  mnscovite, 
and  zeolitic  substance.  Some  of  the  cloudy  areas  have  hexagonal  out- 
lines, some  rectangular:  but  mowt  of  them  are  irregular  in  outline.  The 
mineral  originally  inrupying  the^e  positions  in  the  rock  was  the  least 
i-enistant  one  to  weathering,  and  it  was  doubtless  analcite.     Two  va- 

■>  ProfeuloDil  I-eper  Nu.  14,  U.  H.  Geological  Surrey,  IttOS,  pp.  20T-21S, 
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HetieB  of  feldspar  are 
present ;  the  most  abuD- 
(lant  one  ib  a  polyayn- 
thetically  twinned  calcic 
plagioclase  which  occure 
in  small  grains;  the 
other  is  not  twinned  ex- 
cept occasionally  on  the  | 
Carlsbad  law,  and  with  f 
its  low  index  of  refrac- ) 
lion  has  been  identified 
88  orthoclase.  The  very 
much  clouded  condition 
of  the  ground-mass  from 
alteration  produeta  fre- 
quently renders  the  ab- 
solute optical  indentili- 
cation  of  the  feldspars 
impossible. 

Augite,  which  is  the 
most  abundant  mineral 
in  the  rock,  appears  to 
be  identical  with  that 
occurring  in  the  camp- 
ton  ite,  which  is  de- 
scribed in  detail  below. 
Hornblende  was  n  o  t 
identified  in  any  of  the  ' 
thin-sections.  Brown 
hintite  is  an  abundant 
constituent,  strongly 
pleochroic  (x  and  i/  = 
dark  brown,  i  ^  yel- 
low), and  occurs  in  hex- 
affonal  plates  and  irreg- 
ular Bhreds.  Apatite 
occurs  in  small  pris- 
matic crystals  included  \\ 
in  the  principal  min-  g 
erals,  but  does  not  ap-  " 
pear  to  be  abundant.       " 

The  numerous  light-  I 
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colored  areas  (phenocryate)  in  the  rock  are  occupied  by  calcite,  fibrous 
zeolites,  and  an  isotropic  mineral  identified  as  analcite.  Analcite  UBually 
occnpiea  the  outer  part  of  ihe  area  and  calcite  the  center,  the  Utter 
always  being  in  excess.  Analcite  also  occurs  as  a  constituent  of  the 
ground-mass  and  is  the  original  mineral  from  which  the  calcite  and 
fibrous  zeolites  of  the  light-colored  areas  (phenocrvBtB)  have  been  derived. 
These  relations  are  well  shown  in  figure  2. 

CliemiiaJ  composition  and  classificalion  in  Ihe  quaniilative  gyslein.— 
For  the  purpose  of  studying  the  chemical  composition  of  this  rock,  the 
Glick  Farm  dike  was  selected  as  the  freshest  and  most  representative. 
In  the  table  betow  is  given  the  analysis  of  this  rock  by  Mr.  J.  Wilbur 
Watson,  and  analyses  of  related  rocks  are  added  for  comparison.  As 
will  be  obsened  from  the  analysis  (column  I),  the  Virginia  rock  was 
not  fresh,  although  it  had  the  appearance  of  such  in  the  hand  specimen. 
Partial  alteration  of  the  rock  is  also  shown  in  the  microscopic  study  of 
thin-sections.  One  of  the  most  abundant  secondary  minerals  in  the  rock 
is  calcite,  as  shown  under  the  microscope  and  by  the  large  percentage  of 
OO2  in  the  analysis. 

Anaiyct  of  Tcsvhenile  l.iiialcite-batalt)  an4  related  Rockn 


810, 4a40 

AI,0,  18.49 

Tefi,  5.87 

FeO  4.88 

MgO  8.01 

CaO  10.02 

Na,0  8.46 

K,0   2.W 

H,0—   0.61 

H,0+    3.06 

TiO,    2.21 

P,0,   l.Ofl 

MnO   0.03 

BoO 

CO, 3.72 

8  0.19 


46.77 

88.64 

41.10 

4a86 

47.82 

14.91 

16.98 

14.82 

13.27 

13.56 

7.80 

aei 

2.35 

4.38 

4.73 

4.90 

9.31 

10.38 

3.23 

4.54 

2.94 

aec 

8.43 

8.36 

7.48 

6.30 

10.fi8 

lOJSa 

9.04 

8.91 

4.97 

5.95 

3.94 

3.35 

4.37 

2.37 

3.09 

1.28 

aoi 

^23 

0.92 1 
4.28  ( 

1.32 

tO.39 
1  2.31 

ft90l 
2.89) 

asT 

2.31 

3.2a 

0.52 

0.67 

0.98 

0.19 

0.40 

1.10 

0.29 

0.14 

0.19 

Trace 

0.04 

0.06 

0.54 

0.16 

Trace 

0.26 

0.30 

Trace 

100.57         99.90       100.13       100.41       100.01       10050 

I.  Tescbenlte  {anRlclte-lmsBlt)  from  dike  on  Gllck  farm,  4  miles  east  of 
Mount  Solon,  Augusta  Couutr.  Virginia.    J.  Wilbur  Wsbwn.  nnalfst. 

II.  Teschenlte  from  Mapleton  township,  Aroostook  Couuty,  Maine.  W.  F. 
Hlllebrand.  analypt.  (Described  by  H.  B.  Gregory  In  Bulletin  IW.  U.  S.  Geo- 
l<^lcal  Survey,  1800,  p.  183.) 
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III.  Teschenlte  from  Praya,  Cape  Verile  Islauds.  F.  Kertscber,  analyst. 
If.  Blgel,  TKbermske  Mtn.  und  I'etrog.  Mlttellungen,  vol.  xl,  1000,  p.  98.) 

IV.  Analcite-bBMlt  from  FeruhlU  dike.  Sydney,  New  South  Wales.  H.  P. 
White,  analyat  (Beoords  of  tlie  GeologlcAl  Survey,  New  South  Wales,  vol.  7, 
1902.  p.  93.) 

V.  Annldte-baealt  from  Big  Baldy  Mountain,  T.ittle  Belt  MounUlns.  Mon- 
tana. W.  P.  HIHebrond,  aoalyat.  <L.  V.  Plrason.  Twentieth  Annual  Report  of 
the  U.  8.  Oeologtcal  Survey.  1000.  part  111,  p.  548.) 

VI.  MiHichigulte  rrom  HiKbwood  Gap.  HIghwood  Mountains.  Montana,  H.  W. 
Foote,  analyst.  (U  V.  Plreson,  Bulletin  148.  U.  S.  Geological  Survey,  1807,  p. 
153.) 

The  claseification  of  this  rock  in  the  quantitative  system  is  ehown  in 
the  following  computation  of  its  norm  and  position : 
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II 
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a-  H  Lj  no 

12.61  f*^™ 
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cA, 

3.73 

100.81 

III      6. 
CAK 

Megascopic  character. — The  rock  is  dark  steel  gray  to  grayieh-black 
and  bolocryBfalline  porphyritie  in  texture.  The  ground-maes  varies  in 
texture  from  fine-grained  (granitoid)  to  dense  aphanitic.  Phenocrysts 
of  black  hornblende  and  augite,  the  former  more  abundant  and  of  larger 
size,  are  fairly  abundantly  distributed  through  the  rock.  A  conspicuous 
feature  of  the  rock  is  the  numerous  large  and  small  areas  of  white  and 
pinkish  (flesh)  colors  of  more  or  less  rounded  outline,  which  are  prob- 
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ably  phenocrjsts  of  light-colored  mineralB,  although  some  of  thein  hear 
a  striking  resemblance  to  amygdaloidal  cavities.  The  microBcopie  evi- 
dence is  not  conclusive,  but  apparently  favors  the  former  view,  that  these 
areas  are  phenocrysts.  The  areas  range  in  size  up  to  3  centimeters  by 
2  centimeters  respectively. 

Plate  9,  figure  3,  is  a  view  of  a  camptonite  dike  exposed  along  the 
public  highway  one  mile  north  of  Mossy  Creek. 

The  general  appearance  of  the  hornblende  and  aiigite  developed  as 
phenocrvsta  is  very  similar,  but  they  can  generally  he  distinguished  by 
the  usual  characteristic  difference  in  form  and  the  more  or  less  altered 
condition  of  the  augite,  which  is  often  surrounded  by  a  border  of  sec- 
ondary granular  pyrite.  Augite  is  frequently  partially  replaced  by  cakite 
from  alteration,  which  can  either  be  seen  or  detected  by  acid;  also  in 
the  larger  crystals  of  augite  small  scales  of  chlorite  can  sometimes  be 
detected.  A  crvatal  removed  from  the  matrix  usually  crumbles  during 
the  process  into  granules  of  altered  minerals.  Horublende,  on  the  other 
hand,  appears  fresh,  and  never  shows  in  fresh  specimens  of  the  rock  any 
indication  of  alteration;  even  on  weathered  surfaces  of  the  rock  it  stands 
out  in  relief  with  brilliant  luster  and  perfect  crystal  form. 

The  phenocrysts  of  hornblende,  except  tlie  needle-like  forms  of  the 
ground-mass,  are  mostly  idiomorphie  in  outline,  elongated  in  the  direc- 
tion of  the  c  axis,  and  exhibit  the  usual  faces  110,  010,  Oil,  with  some- 
times 101  as  small  faces.  The  minute,  needle-like  forms  in  the  ground- 
mass  show  the  faces  of  the  prismatic  zone,  but  rarely  the  domes.  The 
largest  pbenocryst  of  hornblende  observed  in  the  hand  specimens  was  2 
centimeters  in  length  and  6  millimeters  in  thickness.  On  removal  from 
the  matrix  the  crystal  was  broken  open  and  found  to  contain  a  core  of 
quartz  about  1  centimeter  in  length.  The  center  of  this  core  was  pure 
quartz,  but  as  the  margin  was  approached  minute  prisms  of  hornblende 
appeared,  which  became  more  abundant  until  the  quartz  entirely  gave 
way  to  the  hornblende  substance  of  the  surrounding  crystal. 

Microsropic  character. — The  essential  minerals  of  the  camptonite  as 
seen  in  thin-sections  under  the  microscope  are  hornblende,  augite,  feld- 
spar (orthoctase  and  plagioclase),  and  analcite.  Apatite,  biotite,  and 
magnetite  occur  in  appreciable  microscopic  quantity,  while  titanite,  mtile. 
and  quartz  are  developed  sporadically. 

Hornblende  is  very  abundant,  developed  in  large,  well-formed  crystals 
and  in  small  microUths  scattered  through  the  rock-mass.  It  is  highly 
pleochroic;  ;r flight  brown,  y  =  pale  yellowish- brown,  and  i  =  deep 
brown.  The  inclination  of  c  to  z  is  about  20°  and  the  variety  of  am- 
phibole  is  common  basaltic  hornblende,  which  is  confinned  by  the  sub- 
joined chemical  analysis. 
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Vhemicat  Analyst*  of  Hornblende  from  Camplonlte 
(J.  O.  Dlnwldaie,  analfat) 

810,  39.68 

Alfi,  13.61 

FbA   3.96 

FeO 10-58 

MgO   11-36 

C«0  11.16 

Na,0    1-W 

K,0  2.1» 

H^  l.« 

TIO, 5-01 

MdO  0.06 

101.00 

As  will  be  obeerved,  tbe  ferrous  iron  and  soda  in  this  analysis  are  too 
low  for  arfvedsonite  or  barkevikite.  The  hornblende  is  zonally  built,  as 
shown  in  figure  4,  It  is  usually  quite  fresh,  but  where  alteration  occurs, 
pale  green  chlorite  and  magnetite  are  noted 
as  the  secondary  products.  Twinning  is 
common,  the  composition  plane  being  in 
most  cases  100.  Sometimes  several  lamellie 
occur  in  the  same  individual.  Figure  3 
shows  a  case  of  abnormal  twinning. 

Augite  is  developed  as  an  important  con- 
stituent in  all  the  thin-sectinns  studied,  but 
is  much  less  abundant  than  hornblende.  It 
occurs  in  short,  stout,  well  formed  crystals, 
with  the  faces  100,  110,  OlO,  and  often  Oil, 
and  in  crystal  aggregates.  It  is  almost  col- 
orless except  in  the  border  zones,  which  are 
sometimes  grass  green.  The  inclination  of 
c  to  z  is  about  44°.  Zonarj  growth  ie  com- 
mon (figure  4),  the  colorless  augite  of  the 
central  zone  of  some  crystals  passing  into 
an  outer  zone  of  grass  green  tegirite,  while  fioubi  3.—8*ttoh  t>itHci*g  ah- 
in  others  the  entire  crj'stal  is  colorless  and  "'»"'"'  TH.in»i»B  <••  Hombit<iae  of 
the  zones  can  be  detected  only  by  differences 

in  optical  orientation.  Id  the  latter  case  the  outer  zone  sometimes  shows 
an  extinction  angle  2  to  3  degrees  larger  than  that  of  the  inner  zone. 
In  some  crystals,  whore  there  are  numerous  concentric  zones,  a  wave  of 
extinction  passes  from  the  center  to  the  margin  of  the  crystal.  In  other 
cases  extinction  starts  midway  between  the  center  and  margin  and  moves 
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in  opposite  directions  from  llie  inner  zone  toward  the  center  and  from 
the  outer  zone  toward  the  margin,  Twinnin;;  is  common  parallel  to  100. 
The  angitc  is  rarely  as  fresh  as  the  hornblende,  and  more  or  less  altera- 
tion is  noted  in  all  individuals  to  chlorite,  calcite,  and  pyrite,  which  takes 
place  first  around  the  margin  and  along  cleavage  lines  and  cracks. 

The  ahtiolute  identification  of  the  feldspars  is  attended  with  difficulty 
because  of  their  altered  condition.  Tn  some  parts  of  the  thin-sections 
niicrocline  appeant  to  be  the 
chief  feldspar  and  in  others  or- 
tluiclawc  or  andesine-labradorite. 
Micrnt-iine  is  developed  in  grains 
and  in  irregidar  masses  aome- 
limes  of  large  size  and  showing 
the  cliaracteristic  mierocline 
structure  and  C'arlshad  twin- 
ning. Orthoclase  is  likewine 
\j  frtirly  ahnndant  in   some  parts 

K.ofR.  *.-fi*e.rft«  Wn.tr.„inff  «»ai  ein.c-  "^  ''*«  Ihin-sectioHB.     Its  occur. 
tart  obtcrred  In  iiornbitniit  of  iht  campionite.  ronce  aud  distribution  are  simi- 
(a)   uorDbifndf   iiiiomorph    Bhowiim   innai  lar  to  microclinc,  bnt  it  is  prob- 

Idlomorph   Showing  <.Ulp«,i<I.I    .on«l    Btr«clur..    "'''>   ""*  **"  fl'^'">''«nt  8""  ™  *■"« 

ivhole  does  not  occur  in  ag  large 
individuals.  The  plaginclase  is  developed  chiefly  in  prismatic  forms 
showing  characteristic  multiple  twinning  and  large  extinction  angles. 
It  is  of  the  calcic  variety  and  corresponds  in  composition  to  andesine- 
labradoritc. 

Analcite  occurs  in  all  thin-sections  studied,  but  not  evenly  distributed, 
lis  prevailing  mode  of  occurrence  is  in  the  form  of  phenocrysts,  which 
are  abundant  in  the  coarser-grained  rock.  It  is  also  developed  in  small 
grains  occupying  the  interstices  between  the  feldspars  and  mafic  silicate 
minerals  of  the  ground-mass.  These  phenocrysts  as  seen  under  the  micru- 
scope  are  comp(>s(Hi  either  of  a  single  individual,  with  or  without  crystal 
form,  or  of  a  group  of  idiomorphic  individuals,  some  of  which  have  been 
replaced  hy  caicitc  and  fibrous  zeolites  thnuigh  alieration.  In  some  eases 
where  the  area  is  occupied  by  a.  single  individual  it  shows  idiomorphic 
outline  and  sharp  contacts  with  the  surronniling  minerals.  In  other  in- 
stances uo  crystal  boundaries  occiir.  but  the  analcite,  althoiigli  pure  in  the 
ccntial  Koiu".  )iasscs  niilward  into  the  interstices  between  the  luiuerals  <if 
the  ground -muss.  Where  a  plienocryst  is  made  up  of  a  number  of  iudi- 
vidiiais.  the  contact  with  the  ground-mass  is  nsnally  quite  sharp,  with  the 
analcite  crystals  in  the  btmler  zone  occurring  as  partial   idiomorphic 
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iodividuals  with  crystal  faces  od  the  inner  border,  although  in  some 
instances  complete  forms  occur  (see  figure  2). 

The  analcite  is  sometimes  faintly  doubly  refracting  in  parts  of  the  in- 
dividual. Dietinct  traces  of  cubic  cleavage  sometimes  occur.  Replace- 
ment of  analcite  by  calcite  and  fibrous  zeolitic  material  ie  commonly  ob- 
served, and  in  many  instances  only  a  small  percentage  of  the  analcite 
remains.  In  some  cases  the  alteration  hss  progressed  first  from  the  inner 
zone,  in  others  from  the  outer  zone,  and  sometimes  from  both.  That  the 
analcite  is  a  pyrogenetic  constituent  of  the  rock  is  practically  certain. 
Its  occurrence  indicates  that  two  periods  of  crystal lisat ion  are  repre- 
sented, the  first  that  of  materia)  which  had  segregated  in  the  magma 
resulting  in  the  formation  of  a  single  individual  or  a  group  of  individuals, 
and  a  second  of  a  later  period  developing  the  irregular  grains  in  the 
ground-mass. 

Biotite  occurs  in  minor  quantity  as  small  individuals  which  sometimes 
show  crystal  form.  Basal  sections  are  dark  reddish  brown.  Sections 
normal  to  the  cleavage  are  pleochroic,  ranging  from  very  dark  brown  to 
light  yellow.  It  is  usually  fresh,  but  sometimes  shows  alteration  to 
chlorite. 

Magnetite,  titanite,  rutile,  apatite,  and  quartz  occur  as  original  minor 
accessory  constituents.  Magnetite  is  abundant  as  inclusions  in  the  younger 
minerals  and  is  usually  idiomorphic  in  outline.  Titanite  is  developed  in 
small  anhedra,  with  sometimes  minute  inclusions  of  rutile  crystals,  but  tg 
not  abundant.  Apatite  as  smalt  euhedral  and  rounded  forms  occurs  as 
included  crystals  in  the  other  minerals  and  as  separate  larger  idiomorphic 
crystals,  measuring  up  to  0.5  millimeter  in  diameter  among  the  minerals 
of  the  ground-mass.  Quartz  does  not  occur  among  the  minerals  of  the 
ground-mass,  but  only  within  the  hornblende,  where  it  is  developed  as 
small  inclusions  of  microscopic  size  and  larger  masses  as  the  core  of  a 
hornblende  crystal,  constituting  as  much  as  35  per  cent  of  ita  volume. 

The  secondary  minerals  are  zeolites,  biotite,  chlorite,  calcite,  pyritc, 
and  a  small  amount  of  epidote.  The  zeolites  occupy  areas  within  the 
altered  portions  of  the  analcite  and  plagloclase  feldspar,  Biotite  occurs 
in  small  flakes  and  is  associated  with  the  zeolites  and  epidote.  Calcite 
occurs  in  the  same  manner  as  a  replacement  of  the  various  lime-bearing 
minerals  in  the  thin -sect  ions.  Chlorite  is  moat  abundant  in  areas  occu- 
pied originally  by  augite,  and  it  also  occurs  as  an  alteration  product  of 
biotite  and  to  a  small  extent  of  hornblende.  Pyrite  is  found  associated 
with  chlorite,  magnetite,  and  calcite  in  partially  altered  angite. 

Chemical  compo-Htion  and  clcLfxifiration  in  the  quanlifaiive  si/sffni. — 
The  composition  of  this  rock  is  shown  in  the  chemical  analysis  given  in 
column  I  of  the  subjoined  table,  and  there  are  added  for  comparison 
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analyses  of  three  relate<1  rocks  in  columns  II,  III,  and  IV.  It  will  be 
seen  that  the  rocks  have  in  general  similar  features  of  chemical  composi- 
tion, and,  as  shown  below,  except  II,  they  have  the  same  position  in  the 
quantitative  system  and  are  designated  by  the  same  subrang  name,  outvie. 
Analyses  of  Camplonilc  anil  related   Rocki 

I  la  II  III  IV 

SIO,   43.2« 

A1,0,    14.01 

Fe,0, 7.17 

FeO   S.41 

Mgo  : n.5T 

CaO  10.00 

Na,0 2.83 

K,0 3.78 

HJO—    0.« 

H,0+    2.74 

TIO, 1.81 

P,0,   1.18 

MnO   0.34 

8 0.21 

CO,  1.57 

100.46 

I.  Camptonlte    (anHldte-liornblenrte-basalt)    from    Uossy    Creek.    Auf[n«*n 
County.  VirglDlB.    J.  Wilbur  Wataon.  analyst. 

lo.  Molecular  rallos  from  I. 

II.  Camptonlte  from  Cnmpton  F«lls,  New  Hampshire.   G.  \V.  Ha ives.  analyst. 

III.  Uoncblqulte.  Rio  do  Ouro,  Rerra  de  TinKua.  Brazil.     Uuuler  and  Roeen- 
bnscb.  Tscbermak's  Mln.  un<1  retrog.  Mittli.,  vol.  xl.  1800.  p.  4G4. 

IV.  Moncblqulte.   Willow   Creek.    Castle  Mountains,    Montana.     Weed   and 
Plrsson.  Bulletin  i:W.  C.  S.  C.eotoftlcal  Rurvej'.  ISOfi,  p.  11.5. 

The  position  of  the  rock  in  the  quantitative  system  is  indicated  in  the 
following  com]tuted  norm  and  ratios,  which  show  it  to  he  ourose: 


41.94 

43.74 

42.46 

1.5.36 

14.82 

12.04 

3.27 

2.40 

2.19 

9.sn 

7.52 

5.34 

5.01 

0.98 

12.40 

9.47 

10.81 

12.14 

5.15 

a.08 

1.21 

0.19 

2.90 

2.68 

3.20 

2.!M 

4.03 

4,10 

2.80 

2.47 

0.04 

0.84 

0.25 

0.10 

0.16 

2.47 

1.50 

0.55 

00.44 

100.23 

99.51 

An 14.46 

Ne H..^2J 

01 .1.38" 

Di 22  01 

Mt   ....  10.44 

II 3..'i0 


.24] 

2S  h^.os 


_.t3.08 
"42.:i8  ^ 


1.2  =  III,  anlfemane. 


-  =  0.19=^6,  portiiKare. 


K,0  +  Na,()      Ki 


K.O 
"  Ns,0  "^ 
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Only  two  representatives  of  the  sodipotaeeic  subrang  oiirose  of  the  rang' 
timburgase  are  listed  in  Washington's'*  tabJes.  Both  of  these  are  de- 
scribed as  mouchiquite ;  one  (coJimm  IV),  by  Weed  and  PirsBon,  from 
Willow  Creek,  Castle  Mountains,  Montana;  the  other  (column  III),  by 
Hunter  and  Rosenbusch,  from  Rio  do  Ouro,  Serra  de  Tingua,  Brazil. 

OLIVISE  DIABASE    (AfiVEROXOBEi 

Megascopic  character.— Of  the  iive  types  of  igneous  rocks  thus  far  iden- 
tified in  this  region,  diabase  including  basalt,  is  much  the  most  frequent 
and  abundant  in  occurrence.  Careful  study  of  the  rock  ia  its  numerouH 
field  occurrences  and  in  thin-Bections  under  the  microscope  reveals  re- 
markable uniformity  without  trace  of  unusual  feature  in  any  one  of  the 
many  exposures  examined.  In  every  respect— general  physical  appear- 
ance, texture,  and  mineral  composition — the  rock  is  identical  with  the 
normal  Triassic  diabase  of  the  Piedmont  province. 

Naturally,  some  variation  in  the  size  of  grain  is  observed  in  different 
dikes  and  in  different  partd  of  the  same  dike  in  tiie  larger  ones,  the  range 
in  granularity  being  from  medium  to  fine  grained  (aphanitic).  Rarely 
are  any  of  the  minerals  in  the  coarser  grained  specimens  sufficiently  large 
to  be  termed  phenocrysts,  yet  in  hand  specimens  it  can  usually  be  seen 
that  the  rock  is  composed  of  both  dark  and  light  colored  minerals.  The 
fresh  rock  is  dark  bluish  gray  in  color,  but  those  specimens  in  which 
olivine  is  abundant  the  rock  usually  has  a  greenish  cast. 

Microscopic  character. — Thin-sections  of  all  the  field  occurrences  of 
diabase  noted  by  the  writers  were  studied  microscopically  and  were  found 
to  be  remarkably  uniform  in  texture  and  composition,  without  variations 
from  the  normal  type  of  the  Triassic  olivine  diabase.  Without  exception 
the  texture  is  typically  diabasic  or  ophitic,  the  lath-shaped  crystals  of 
plagioclase  measuring  in  some  cases  as  much  as  3  millimeters  in  length, 
but  the  average  is  probably  less  than  half  of  this.  From  a  microscopic 
study  of  specimens  of  basalt  collected  by  Darton  from  the  dikes  in  High- 
land County,  Virginia,  Keith"  states  that  there  are  three  distiuct  types 
of  texture — basaltic,  diabasic,  and  porphyritic.  In  1889  Diller'"  exam- 
ined microscopically  four  specimens  of  similar  rocks  collected  by  Darton 
from  the  same  county  and  remarked  that  "all  are  of  the  holociyatalline 
porphyritic  type  of, basalt." 

In  mineral  composition  the  rock  is  an  olivine  diabase,  although  the 
amount  of  olivine  present  is  subject  to  considerable  variation.     In  most 

"  ProfMsloiuI  Paper  No.  14,  U.  S.  Geological  Survfj.  1803.  pp.  342-S43. 
"Amer.  Jour.  8cl.,  18B8.  TOl.  H,  p.  314. 
"  Ibid.,  19B0,  Yol.  mil,  p.  270. 


Digitized  bvGoOgIc 


328  WATSOS  AND  CLINE — lOSEOUS  DIKES  IN  VIROISU 

of  the  thin-sectiona  atiidied  olivine  is  abundajit,  but  in  a  few  it  is  devel- 
oped only  in  small  quantity.  Thia  is  in  accord  with  the  microscopic  ei- 
amioation  of  specimens  of  similar  rocks  from  the  Highland  County  area 
by  Diller  and  Eeith.  In  addition  to  olivine,  the  other  primary  minerala 
named  in  the  order  of  abundance  are  plagioclase,  augite,  magnetite,  a 
little  orthoctase,  and  apatite  as  inclusions  in  the  feldspars.  Usually 
these  minerals  are  quite  fresh,  but  some  alteration  is  noted,  yielding  the 
secondary  minerals  serpentine,  chlorite,  calcite,  kaolin,  quartz,  amphibole, 
and  magnetite. 

Flagioclase  is  developed  in  lath-shaped  crystals  up  to  3  millimeters  in 
length  and  is  of  the  calcic  variety,  corresponding  to  labradorite-bytownite 
in  composition.  Orthoclosc  is  usually  present  in  minute  quantity  formed 
in  the  ihtersticea  between  the  plagioclase  and  other  minerals.  Augite 
occurs  in  irregular  grains,  nearly  colorless  to  very  pale  brown,  and  as  a 
rule  does  not  exhibit  noticeable  pleochroism.  Like  the  feldspar,  it  often 
shows  wavy  extinction  due  possibly  to  dynamic  strain.  Most  of  the  au- 
gite is  quite  fresh,  but  some  alteration  is  observed,  yielding  chlorite,  cal- 
cite, sometimes  a  little  hornblende  in  small  prismatic  needles,  and  magne- 
tite. Olivine  occurs  chiefly  in  grains,  whose  outlines  occasionally  su^^est 
crystal  form.  Its  period  of  crystallization  was  contemporaneous  with  but 
near  the  close  of  that  of  plagioclase,  while  the  period  of  formation  of 
augite  was  later.  The  fresh  olivine  is  nearly  colorless  and  the  size  of 
grain  ranges  up  to  3  millimeters.  It  usually  shows  some  alteration, 
which  has  progressed  in  the  usual  way  along  cleavage  and  fracture  direc- 
tions and  about  the  borders.  In  a  fpw  cases  the  entire  grain  is  altered, 
but  as  a  rule  the  alteration  is  only  partial,  the  products  being  green  fibrous 
serpentine,  calcite,  and  minute  grains  and  crystals  of  magnetite. 

Magnetite  as  an  original  constituent  occurs  as  crystals  in  all  the  thin- 
sections,  but  in  no  case  is  it  abundant.  Apatite  is  developed  only  as 
minute  inclusions  chiefly  in  the  plagioclase  feldspar. 

Chemical  composition  and  classification  in  the  quantitative  system. — 
The  chemical  composition  of  the  olivine  diabase  is  well  shown  in  the 
analysis  of  the  rock  from  a  representative  dike  at  Cross  Keys,  August« 
County,  given  in  column  I  of  the  subjoined  table.  The  analysis  of  a 
Piedmont  olivine  diabase  from  Davidson  County,  North  Carolina,  is 
added  for  comparison  in  column  II. 

t  ot  Olivine  Diabase 


810,  4aiO         .802       47.68 

AI,C 15.25  .160        19.24 

Fe,0,  2.B7         .016        1.83 
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FeO   8.28 

BIgO   ».33 

CaO  11.11 

Ntt,0  1.48 

K,0  0.35 

HjO~   0.53 

H,0+  1.22 

■no, o.o» 

MnO  0.1C 

P,0.  0.11 

CO    0.83 

8 0.20 

100.20 


I.  Cbemlcal  BDalysls  of  olivine  dtubase  from  Cruiw  Keys,  Augusta  County, 
Virginia.    J.  Wilbur  Watiton.  analyst. 

la.  Molecular  ratlutt  i-ak-ulated  fruni  I. 

II.  Cbeuleal  analysis  ot  olivine  (llubaxo  from  near  Fairmont.  Davidson 
County,  Nortli  Carolina.  A.  S.  Wbeeier.  analyst.  IDescribtHl  by  J.  E.  Pogue 
Id  Proceedings  of  the  U.  S.  National  Museum,  vol.  37.  1010,  i)|).  475-484.) 

The  norm  as  calculated  from  the  c]iemica1  analysis  given  in  column  I 
of  the  table  above  and  the  position  of  the  rock  in  the  quantitative  system 
are  eipreased  as  follows : 


Or 


3.84) 
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12!5bU9.28  Claw,  - —  -  tt^^  101  =»  III,  salfeniane. 

An 3336(  ^^^      ■"*  ™ 

01 253^  o         „ 

ni 16.90  Order   ^  - -^  -  0  -  5   BHTkrp 

Hy 23.49  """*'■  F  ~  49.28  -"-''■  ^"'"^' 

Ml 3.71  J-48.70 

II 1-37  K,0  +  Na,0       30 

Pr 0,36J  ^"O  120 

' ™  Subrang,  ^-^;  ^  ^  ^  0.25  ^  4-5,  auvergnose. 

100.56  ^ 

9tiiiI»1  Nuns 

III.    6.    4.    ,4-5.  Anvergnoee, 

SuiCUABT  AND  CONCLCSIONa  OF  THE  PETROLOOIt!  ReL.MIONB  OF  THE 

Rook  Types 

introduotion 

The  distribution  and  geologic  occurrence  and  the  petrography  of  the 
foc'kg  having  been  described  in  some  detail,  it  remains  to  summarize  the 
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general  petrologic  relatione  of  the  rock  types  to  each  other.  These  tela- 
tioHB  (regional  characters)  are  briefly  summarized  under  (a)  chemical, 
(6)  mineralogical,  and  (c)  teztural  characters. 

The  rocks  of  the  region  are  naturally  grouped  into  two  principal  sub- 
divisions: (1)  Those  in  which  the  felsic  constituents  are  dominant,  in- 
cluding felsophyrc,  quaitz  gabbro  (norite),  and  nepheline  syenite;  and 
(2)  those  in  which  the  matic  constituents  are  dominaut,  including  dia- 
base and  basalt,  teschenite,  and  camptonite.  The  rocks  show  certain  evi- 
ilencee  of  kinship  in  chemical  and  niinera logical  composition,  and  to  a  le«s 
extent  in  texture,  which  mark  them  as  differentiates  from  a  common  or 
parent  magma,  and  are  interpreted  broadly  as  representing  a  group  or 
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(a')  Nepbcllne  ijentle  coDtalntDB  blotilr,  ■  Utile  bornblende  and  augtte  ■■  uuflc 
minerals.  iDtlmaCel;  uwoclited  with  (d)  teBcbeDlte  containing  the  same  mBllc  mlnenili ; 
(a)  nepheline  syenite  cantalnlng  homblende  &■  principal  maflc  mineral  auaclaCed  with 
<o)  camptonite  In  wtilch  hornblende  Is  the  Bltnllar  domlaaDt  mineral ;  (b1  quarti  Eabt>rA 
(norlle).  The  p<iir'ii«T  at  each  of  theae  rockB,  except  (b)  quarti  gabbro.  when  balled 
wllh  hydrochloric  acltl,  filtered  and  evaporated,  yields  copious  gelatinous  silica. 

series  of  complementary  dikes.  This  relation  does  not  admit  of  reason- 
able doubt  for  the  closely  parallel  series  of  nepheline  syenite,  quarta 
gabbro,  teschenite,  and  camptonite  dikes  found  in  the  northern  part  of 
Augusta  County,  4  miles  southwest  from  Bridgewater  (see  m^,  figure  1, 
and  figure  5).    Figure  5  illustrates  most  strikingly  this  relation. 

CHS  mo  A  L  CHARACTERS 

The  chief  chemical  characters  of  the  rocks  of  the  region  as  developed 
from  the  table  of  analyses  below  may  be  summarized  as  follows:  Silica 
with  one  exception  (I)  is  generally  low  and  deficient.  Alumina  is  fairly 
uniform  except  in  II  and  III  (nepheline  syenites,  miaskoae),  where  it 
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averages  roughly  20  per  cent  aod  ib  appreciably  higher  than  in  the  other 
analyses.  Iron  oxides  and  magnesia  are  low  in  I,  III,  and  IV,  but  are 
correspondingly  high  in  the  other  four  (II,  V,  VI,  and  VII),  with  a 
similar  variation  noted  in  lime,  a  difference  which  results  from  the  dis- 
tribution in  amount  of  mafic  silicate  minerals  in  the  two  groups  of  rocks. 
Ferrous  iron  and  magnesia  combined  dominate  total  lime,  being  approxi- 
mately equal  in  several  cases.  The  total  alkalies  are  usually  high,  with 
the  range  in  soda  from  low  to  very  high,  and  potash  generally  high,  but 
very  low  in  IV.    Soda  without  exception  molecularly  exceeds  potash. 

Chemical  Analviea  of  igneovt  Dike  Btxk»  from  Middle  Weitein  Vlnrln'o 

I  II   '       III  IV  V  VI  VII 

SiO,  6fl.tS6 

i.ise 

Al'O' 1SJ)2        1S.44       21.41        22.46        15^        14.01 

.1S2 
FeHy 1.67 

.011 
FeO  1.1». 

.017 
MgO  a41 

.010 
CaO  1.20 

.021 
Na.O  4.46 

.073 
K,0 4.«8 

.060 

H,0—  0.34 

H,0-|- 0.87 

TIO, 0.31 

.004 
p,o, ao8 

.001 
MnO  OXn 

.001 
BaO 0.10 

.001 
CO,  None 

S   Trace 


100.20      1OO.0S      100.11      100.57      100.20      100.46      100.67 

1.  Fehopbyre  rrom  Moatere;  Mountain,  Highland  Countj.  VIrKlnln.    W.  F. 
Hillebrand,  analyst. 
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ST.ffi 

54.77 

53.57 

.000 

.912 

.892 

16.44 

21.41 

22.46 

.161 

.210 

.221 

2.34 

2.46 

1.01 

.014 

.016 

.006 

4,M 

0.68 

0.02 

.068 

.010 

.013 

2.53 

0.18 

0.37 

.064 

.004 

.009 

6.40 

0.47 

1.49 

.114 

.008 

.027 

2.S1 

S.B8 

10.22 

.047 

.153 

.165 

1.S2 

4.97 

6.14 

.018 

.053 

.054 

0.20 

0.17 

0.43 

1.1B 

4.61 

2.97 

0.64 

0.06 

0.20 

5.41 

4.88 

.075 

.068 

5.57 

aoi 

.139 

.200 

10.09 

■  10.02 

.018 

.036 

.084 

0.20 

0.21 

0.19 

.006 

.006 

.008 
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II.  Quarts  gabbro  rrom  Are;  farm,  l.G  miles  aonth  of  Mlloesville.  Augusta 
County,  Virginia.     J.  O.  Dinwiddle,  analyst. 

III.  Neptaellne  syenite  from  UUck  farm,  4  miles  east  of  Mount  Solon,  Au- 
KUBta  County,  Virginia.    J.  Wilbur  Watson,  analyst. 

IV.  Nepbellne  syenite  front  property  adjoining  the  Charles  Curry  farm,  5 
miles  Houtbeast  of  Mount  Solon,  Augusta  County,  Virginia.  J.  G.  Dinwiddle. 
analyst 

V.  Olivine  diabase  from  <.'ross  Keys,  Augusta  County,.  Virginia.  J.  Wilbur 
Watson,  analysL 

VI.  Camptoulte  ( ana Iclte- bo rnblende- basalt)  froni  Uoasy  Creek,  Augusta 
County,  Virginia.    J.  Wilbur  Watson,  aualjst. 

VII.  Teacbenlte  (analclte-basalt)  from  GIi(;k  farm,  4  miles  east  of  Mount 
Solon,  Augusta  County,  Virginia.     J.  Wilbur  Watson,  analyst 

In  the  annexed  table  are  tabulated  the  norms  of  the  rocks,  arranged  in 
the  same  order  as  the  analyses  in  the  table  above.  Further  chemical 
relations  are  developed  from  a  study  of  this  table,  especially  the  relatione 
of  the  rocks  in  the  quantitative  system  of  ciassificatioii. 

Table  o(  Nortna 

I             11           III            IV  V  VI          VII 

Q  22.50        15.78         

Or  27.80          8.90       29.47        30.02  3.34  22.24        17.24 

Ab 37.73        24.63        36.63        25.68  12.58  7.86          3.14 

An  6.28       27.24         1.11         0.56  33.3«  14.46       12.51 

Ne 24.14       32.M  ....  8^8       1420 

C   1.12         

Uy  1.63       11.97        23.49        

Dl    2.07        0.46         4;i8  16.90  22.01       23.24 

01 ■      0.41        2.53  3.38         7 Jut 

Wo 0.46 

Mt  2.32        325         3.71         1.39  3.71  10.44         8.58 

II  0.61          1.22         0.15          0.40  1.37  3.50          4J» 

Ap 0.34         0.67        0.34        0.34  0.34  2.69         2.68 

Pr 0.34  0.36  0.36         0.38 

Beat   1.01          5.10         4.81          4.35  2JIS  4.80          7.30 

100.24      100.83      100.23      100.72      100.66      100,26      100.81 

Quartz  is  noted  in  only  two  of  the  seven  norms,  toscanose  (I)  and 
tonalose  (II).  The  feldspars  are  present  in  large  amount  in  all  the 
norms,  the  individual  species  showing  wide  range,  with  orthoelase  and 
albite  usually  in  largest  percentages.  Anorthite  is  very  subordinate  in 
amount  in  the  persalaneg  (I,  III,  and  lY),  but  is  one  of  the  dominant 
species  in  dosalane  (II)  and  in  the  salfemanes  (except  in  ourose).  The 
lenad,  nepheltte,  ranging  in  amount  from  8.5  to  33  per  cent,  is  present  in 
four  of  the  seven  norms. 
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The  femie  minerals  are  practically  negligible  in  the  three  persalanes 
(I,  III,  and  IV),  but  are  present  in'  large  amounts  in  dosalaae  (II)  and 
in  the  three  aalfemanes  (V,  VI,  and  VII).  Olivine  and  diopside  are 
present  in  each  of  the  Balfemanes,  but  vary  within  rather  wide  limits. 
Magnetite,  ilmenite,  and  apatite,  the  magnetite  always  dominant,  are 
present  in  each  norm  in  small  amounts  in  the  persalanes,  but  mure  abun- 
dant in  the  Balfemanes. 

IIUfBRALOaiOAL  CBARACTBR8 

No  single  mineral  as  an  esEeutial  constituent  of  the  rocks  occurs  in  all 
types  recognized  in  the  region,  but  several  are  present  in  widely  different 
amounts  in  all  the  rocks,  varying  as  to  the  relation  of  felsic  and  mafic 
constituents. 

Quartz  actually  occurs  as  a  constituent  in  only  two  of  the  rock  types, 
the  persalane  toscanose  and  the  dosalane  tonalose,  the  general  character 
of  the  magmas  representing  the  other  types  being  such  as  to  preclude  its 
presence.  The  feldspars,  orthoclaee  and  plagioctase,  may  be  regarded  as 
persistent  minerals,  since  they  form  targe  but  varying  percentages  in  all 
the  rocks.  Orthoclase  is  developed  as  an  essential  component  of  each 
type  except  the  salfemane,  auvergnose,  in  which  it  is  noted  only  as  a  very 
minor  accessory.  Plagioclase,  in  large  but  varying  percentages,  ranges 
from  the  Bodic  variety,  albite,  in  toscanose  to  the  sodie-calcic  varieties  in 
the  six  remaining  types.  Nephelite  and  snalcite  are  developed  as  prin- 
cipal components  of  miaskose,  monchiquose,  and  ourose,  the  former  being 
limited  to  miaskose  and  the  latter  to  monchiquose  and  ourose. 

Of  the  mafic  minerals  biotite  is  perhaps  the  most  persistent,  being  a 
component  of  all  types,  but  is  only  of  quantitative  importance  in  monchi- 
quose and  ourose.  Augite  is  present  in  large  amount  in  dosalane  (11) 
and  in  the  salfemanes  (V,  VI,  and  VII),  and  is  sparingly  developed  in 
the  persalanes  (I,  III,  and  IV).  Hornblende  is  essentially  absent  from 
the  rocks  of  the  entire  region,  except  in  the  closely  related  group  of  dikes 
(miaskose,  monchiquose,  and  ourose)  in  the  northern  part  of  Augusta 
County,  where  it  is  most  abnndant  in  monchiquose  and  is  developed  only 
as  a  minor  constituent  of  miaskose  and  ourose.  Olivine  as  a  modal  min- 
eral is  limited  exclusively  to  auvergnose,  it  being  present  in  every  speci- 
men of  this  type  studied. 

The  lesser  minerals,  developed  only  as  microscopic  accessories,  exercise 
no  important  influence  on  the  character  of  the  rocks  and  need  not  be 
discussed. 

TBXTURAL  OHARACTBRa 

The  rocks  of  the  region  are  all  intrusive,  occurring  without  exception 
as  dikes;  are  holocrystalline,  and  range  in  granularity  from  medium 
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coarse  to  fine  &nd  dense  aphaniUc.  They  are  characterized  by  a  variety 
of  texture — porphyritic,  diabasic,  and  even  granular — the  latter  rangiDg 
frum  medium-grained  in  aome  of  the  nephelite  syenite  to  dense  aphanitie 
in  the  basalts.  With  the  exception  of  the  diabase,  each  rock  type  may 
show  porphyritic  texture.  In  the  granite-felsophyre  and  nephelite  syenite 
the  phenocrysts  are  cumpoaed  chiefly  of  the  felsic  constituents,  orthoclase 
and  albite  in  granite-felaophyre,  and  orthoclase  in  uephetine  syenite. 
Scant  development  of  mafic  minerals  is  sJso  observed,  a  little  biotite  and 
augite  in  granite-felaophyre,  and  a  few  plates  of  biotite  with  an  occasional 
crystal  of  hornblende  in  nepheline  syenite.  In  the  basic  types  (tesch- 
enite,  camptonite,  and  basalt)  the  phenocryats  are  dominantly  mafic  min- 
erals, including  hornblende,  augite,  olivine,  and  leas  biotite.  In  addition 
to  the  mafic  minerals,  analcite  is  frequently  developed  as  phenocrysts  in 
the  teschenite  and  camptonite. 

AoE  Relations  of  the  ionboub  Rocks 

Because  of  the  relationship  of  the  dikes  of  the  middle  western  district 
of  Virginia,  they  are  all  regarded  to  be  of  the  same  age.  Since  they  are 
found  cutting  the  latest  sedimentary  rocks  of  the  region,  Uissiasippian, 
the  dikes  must  be  post-Mississippian  in  age.  Furthermore,  since  the 
dikes  show  no  evidence  of  having  been  subjected  to  the  folding  and  fault- 
ing of  the  Appalachian  revolution,  they  are  post -Paleozoic.  On  the  basin 
of  distribution  and  structural  relations,  they  appear,  in  light  of  our  pres- 
ent knowledge,  to  be  Triassic,  aa  hafi  been  pointed  out  in  another  section 
of  this  paper.  On  the  basis  of  lithologic  character  the  diabases  iilone 
afford  any  evidence.  In  this  respect  they  are  identical  with  the  diabase 
found  in  the  numerous  Triassic  areas  of  the  eastern  United  States.  Id 
view  of  these  facts,  the  writers  regard  the  dikes  of  central  western  Vir- 
ginia to  be  of  Triassic  age. 
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Location 


A  knob  of  volcanic  or  effusive  rock  of  quite  exceptional  occurrence  and 
character  is  found  in  Saratoga  County,  New  York.  It  stands  close  to  the 
west  bank  of  the  Hudson  River,  one  mile  north  of  the  village  of  Schuy- 
lerville  and  10  miles  east  of  Saratoga  Springs.  Seen  from  the  east,  it 
appears  as  a  knob  some  70  feet  in  height  on  the  margin  of  the  terrace 
which  fronts  the  river.  Viewed  from  the  west,  it  is  much  less  prominent, 
standing  only  about  30  feet  above  the  general  level  of  the  terrace.  The 
terrace  steadily  rises  in  level  to  the  west  and  soon  exceeds  the  altitude  of 
the  knob's  summit. 

Historical 

The  knob  is  located  well  to  one  side  of  ordinary  routes  of  travel  and 
wholly  escaped  the  attention  of  geologists  until  discovered,  studied,  and 
described  by  Woodworth  in  1901.*    It  subsequently  remained  unvisitod 
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until  studied  by  Buedeinann  and  myself  in  1910  while  engaged  in  pre- 
limjuary  study  of  the  geology  of  the  Schuylenille  quadrangle.  Between 
the  two  dates  a  considerable  part  of  the  knob  had  been  quarried  away  for 
road  metal  and  other  purposes,  exposing  to  view  many  structural  foaturps 
which  were  entirely  hidden  before  quarrying  began,  and  also  furnishing 
comparatively  fresh  rock  for  mieroscopic  and  chcmicai  study,  in  (H>ntrast 
to  the  badly  altered  surface  material  which  only  was  available  in  1901. 

Woodworth  proposed  calling  the  hill  "Starks  Knob,"  aud  the  name  is 
a  convenient  one.  The  occurrence  well  merits  description,  since  il  ii- 
unusual  and  puzzling,  quite  unlike  any  other  known  occurrence  of  igne- 
ous rocks  in  New  York,  and  because  it  is  of  importance  to  determine 
whether  it  has  any  significance  in  connection  with  the  existence  of  the 
mineral  waters  of  the  Saratoga  region. 

Description 

Woodworth  had  to  depend  on  weathered  surface  materials  in  making 
his  study;  but  since  certain  features  of  the  rock  were  brought  out  by 
weathering  and  were  better  exhibited  at  that  time  than  is  the  case  today. 
we  can  not  begin  description  of  the  occurrence  in  better  fashion  than  \j} 
citations  from  his  paper : 

"Slarks  Kiioh  Igneous  mass  lies  surrounded  on  the  ground  by  Hudson  River 
sInteB.*  These  nlates  are  highly  Inclined,  clenved  and  inucli  broken  rocks.  .  .  ■ 
So  far  as  my  own  obaerratlons  go.  there  nre  no  dikes  radiating  from  the  main 
mass  Into  the  Hedlmeiitary  rocltB.  nor  any  noticeable  ttlgn  of  metamorpblsm  In 
them  attributable  to  the  heating  action  of  the  lavas  of  the  plug.  .  .  .  This 
lack  of  contact  inelnmoriihlsni  and  tbe  failure  of  dikes  are  itoluts  of  little  value 
ift  determining  the  origin  of  the  IgneouR  rock.  It  remains  to  determine  bj' 
other  evidences  whpttier  It  in  Intrusive  or  eitnialve, 

"The  igneous  masH  appears  to  tje  the  superfldal  irartlnu  of  a  bodj-  whirli 
extends  downward  into  the  slates  and,  from  its  general  forui  and  surround- 
ings, strongly  suggests  a  neck  or  plug  rising  up  through  the  Hudson  River 
group  at  this  polot.  The  manner  In  which  the  slate  body  dtps  beneath  tbe 
Igneous  mnsB  on  the  northeast  apjienrs  to  Indicate  that  the  plus  does  not  eJ- 
tend  vertlt-nlly  downward  through  the  slates,  but  follows  guiding  planes  uf 
strncture. 

"The  exjiosed  faces  of  the  rock  of  the  knob  exhibit  cross-sections  of  ball  sixl 
pear-shaped  masses  embedded  In  a  base  having  a  shaly  structure.  .  .  ■ 
Where  the  ahnly,  flne-gralneil  base  has  |)eeled  away  the  surface  resembles  Hie 
coarse,  bulging  surface  of  basalt  streams,  such  as  are  seen  In  Hawaii.  The 
whole  has  the  appearamf  of  n  mass  of  l)oml)s  or  Inva  bolls.  Inclosing  Bcorl- 
aceous  Invn.  or  foreign  Inclusions  embedded  In  a  basaltic  glass  which  Is  scnilne 
to  pieces  along  Hues  of  (towage.    A  more  probable  explanation  of  the  !<tniclun' 

*Tbes«  Blatea  are  cblefly  o(  NonnanHklU  age. 
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Ik  that  tbis  man  represents  a  volcanic  throat  or  plug  at  some  deptb  below 
ttie  actual  crater,  but  not  below  tbe  point  to  wblch  explosive  products  may 
bave  fallen  back  Into  tbe  Tolcnno.  tbere  to  become  embedded  in  tUe  still  bot 
lava.  Certalnl7  tbe  grosR  structure  of  tbe  rock  recalls  many  lava  ebeets  wltb 
locallj  formed  exploelre  products,  and  tbe  same  structure  la  to  be  observed 
In  tbe  lava  Sows  of  tbe  Newark  series  Id  the  Connecticut  Valley." 

Since  Woodworth's  study  of  the  knob  the  rock  has  been  utilized  for 
various  purposes  and  much  of  it  quarried  away,  We  visited  it  in  1910, 
in  1911,  and  in  191S.  In  1910  active  quarrying  was  in  progress.  In 
1911  no  work  was  being  done,  but  much  material  had  been  removed  since 
the  previous  visit.  Between  this  and  the  summer  of  1913  yet  more  was 
taken  away,  and  now  no  great  amount  of  the  igneous  rock  remains  above 
the  general  ground  surface.  Other  geologists  have  also  accompanied  us 
to  the  spot— Van  Ingen  and  Smyth  in  1910,  Kemp  in  1911,  and  Wood- 
worth  in  1912. 

CONSTITCTION    OF   THE   EnOB 
OENBRAL  CHAKACTBR  OF  TBE  COKSTITUENT  MATERIAL 

The  knob  consists  of  lava  balls,  large  and  small,  with  intervening 
matter.  The  balls  range  up  to  3  feet  in  diameter  and  perhaps  average  1 
foot.  At  the  time  of  our  first  visit  many  of  them  lay  about,  being  broken 
up  by  the  quarrymen.  They  consist  of  dense,  dull,  black  lava,  so  finely 
crystalline  that  crystals  are  neither  visible  to  the  eye  nor  to  the  hand  lens. 

The  intervening  matter  has  been  badly  grouud  and  crushed,  ho  that 
most  of  it  has  the  aspect  of  Hiickensided,  shaly  material.  The  less  crushed 
portions  are  always  of  glassy  texture,  consisting  of  black  pitchstone. 
Both  balls  and  pitchstone  are  locally  amygdaloidal,  but  the  amygdules 
are  small  and  scattered.  They  are  chiefty  filled  with  calcite,  as  are  also 
the  cracks,  which  everywhere  ramify  through  the  rock. 

InOLDBlOSB 

Inclusions  abound  throufd^out  the  knob.  Though  it  stands  surrounded 
by  black  shales,  there  are  no  inclusions  of  shale  in  it.  All  seen  are  of 
limestone,  and  limestone  of  but  a  single  type,  which  effervesces  immedi- 
ately and  briskly  with  acid  and  contains  little  or  no  magnesia.  They 
range  in  size  up  to  pieces  a  foot  or  more  in  diameter.  Those  in  the  pitch- 
stone  are  often  much  corroded  by  the  lava.  In  the  balls  corrosive  action 
is  much  less  prominent. 

Whence  came  this  limestone,  from  what  formation  of  the  region,  and 
why  are  there  no  inclusions  of  other  rocks,  more  especially  of  shale  ?    This 
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can  not  be  discuBBed  intelligibly  without  a  brief  conBideration  of  the  rock 
formations  of  the  nei^borhood. 

THE  eSCTJOV 

In  the  region  in  which  the  knob  stands  are  two  sharply  contrasted  sets 
of  early  Paleozoic  formations,  apparently  deposits  of  two  separate  troughs, 
the  one  indigenous  to  the  district  and  the  other  overthrust  into  it  from 
the  east.  The  knob  stands  within  the  eastern  overthrust  set  of  forma- 
tions and  the  boundary  between  the  two  lies  some  five  miles  west  of  it. 
'J'he  western  set  are  comparatively  undisturbed  and  consist  of  the  ordi- 
nary formations  of  the  Champlain  trough  (Chazy  basin),  thou^  the 
representation  of  these  is  very  imperfect.  The  entire  Beekmantown  and 
Chazy  groups  and  most  of  the  Black  River  are  not  found  in  the  section 
which  comprises,  in  ascending  order,  the  Potsdam  sandstone  and  Little 
Falls  dolomite  of  Upper  Cambrian  (Ozarkian)  age,  the  Amsterdam  lime- 
stone of  Upper  Black  Hiver  age,  and  the  Canajoharic  shale  of  Trenton  age. 

The  eastern  set  of  formations  are  the  Ijower  Cambrian  (Georgian),  in 
great  thickness ;  the  Dictyonema  (Schaghticoke)  shale,  of  extreme  Upper 
Cambrian  or  lowermost  Ordovician  age;  the  Deepkill  shale,  of  Beekman- 
town age;  the  Bald  Mountain  limestone,  also  of  Beekmantown  age,  and 
the  Normanskill  and  Snake  Ilill  shales,  of  Chazy  or  Black  Biver  and  of 
Trenton  age.  They  are  greatly  disturbed  and  have  been  overthrust  in 
sections,  so  that  the  upper  shales  reach  farthest  west ;  the  Bald  Mountain 
limestone  has  been  overthrust  on  them,  and  the  Georgian  overthrust  on 
the  Bald  Mountain.  These  overthrust  beds  thin  out  to  disappearance  to 
the  west  and  must  rest  on  the  deposits  of  the  Chazy  basin.  Therefore  it 
would  be  possible  for  the  limestone  inclusions  in  the  knob  to  have  come 
from  either  set  of  formations.  At  the  knob  Normanskill  shales  are  the 
surface  rocks.  Quite  likely  these  rest  on  Bald  Mountain  limestone,  foU 
lowed  beneath  by  the  Canajoharie  shale,  Amsterdam  limestone,  Little 
Falls  dolomite,  and  so  on — the  regular  succession  of  the  rocks  of  the 
Chazy  basin. 

Now,  unless  some  formation  occurs  here  underground  which  does  not 
outcrop  at  the  surface,  some  representative  of  the  Beekmantown  or  Chazy 
formations  of  the  usual  Champlain  section,  the  only  fonnation  of  the  dis- 
trict which  could  possibly-  have  furnished  such  inclusions  is  the  Bald 
Mountain  limestone.  The  only  limestone  in  the  formations  of  the  Chazy 
basin  is  the  Amsterdam,  which  is  thin  and  lies  directly  above  the  great 
thickness  of  Little  Falls  dolomite.  It  is  unthinkable  that  igneous  rock, 
rising  through  this  series  of  formations,  could  have  brought  up  such  an 
abundance  of  fragments  from  the  Amsterdam  and  not  one  from  the  great 
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dolomite  just  beneath.  The  question  of  the  source  o(  the  inclusions  be- 
comes of  importaace  in  the  discussion  of  another  problem  and  will  be 
reverted  to  presently. 

The  knob  is  surrounded  by  black  shales,  chiefly  Normanskill,  and  it 
would  seem  as  if  the  lava  must  have  risen  through  a  large  thickness  of 
such  shale  lying  above  the  limestone.  There  are  also  frequent  bands  of 
very  resistant  grit  in  these  shales.  Under  the  circumstances  the  utter 
lack  of  recognizable  inclusions  from  this  formation  in  the  knob  is  most 
astonishing.  There  are  some,  larger  masses  of  shale  involved  with  the 
lava,  but  they  can  hardly  be  regarded  as  inclusions.  There  may  be  some 
content  of  comminuted  shale  in  the  lava,  the  evidence  for  or  against  this 
not  being  decisive. 

Strdctural  FEATonRs;  Shear  Zones 

The  dissection  of  the  knob  by  quarrying  operations  has  brought  to  light 
some  structural  features  wiiich  were  not  discernible  before,  Woodworth 
found  evidence  of  intcrr«>lations  of  lava  and  shale  which  suggenteil  fault- 
ing of  the  knob  to  him,  and  the  opening  of  the  knob  has  brought  to  light 
much  more  evidence  of  the  same  sort,  and  evidence  of  severe  compressive 
disturbance  and  dislocation  exists  all  through  the  lava  mass.  A  few 
sketches  and  a  comparison  of  them  with  the  photograph  of  the  knob 
(plate  10)  will  assist  in  the  exposition  of  the  observed  relations. 


FiOi'Bn  1. — SAdIc  orerlyfRu  Lara  on  low  Point  pm/ecUHg  from  Starki  Knnti 

SbowlDR  Id  (be  photograph  nt  Ih?  Ihh  of  the  knob  JuhI  to  Ihp  rlgbt  of  tbe  bollrr, 

hoase.     This  shale  wpflgca  out  iDIo  t1i#  lava   of  the  knob :   Id  other  irordi,  shows  Isva 

both  aboTS  and  below  It.     It  Is  doI  a  contact  between  lava  and  orertjlag  shale,  bat  a 

■bale  wed^  within  tbe  lavn  mass. 

Figure  1  is  a  sketch  of  the  relations  shown  in  a  low  point  which  pro- 
jects out  to  the  east  from  the  base  of  the  knob,  and  which  has  remained 
unquarried  because  of  the  shale  overlying  the  lava,  so  that  there  is  no 
great  thickness  of  the  latter  above  ground.  A  short  distance  to  the  .louth 
of  this  point,  bark  of  the  boiler-house,  is  another  similar  one  in  which  the 
rock  relations  are  just  reversed,  lava  overlying  shale.    In  this  latter  case 


Digitized  bvGoOJ^IC 


340  H.  p.  GUSHING XORTHUMBBRL.*ND  VOLCANIC   PLUG 

it  is  not  certain  whether  the  shale  marks  the  actual  base  of  the  lava  or 
whether  it  is  just  another  shale  wedge. 

In  figure  2  a  wedge  of  shale  in  the  southern  portion  of  the  knob  is 

sketched.    It  is  probably  squeezed  up  into  the  lava  from  the  shale  whic)i 

-  underlies  it  on  the  west  side.     This 

I  especial  wedge  is  excessively  mashed 

and  slickensided  and  the  material  may 

ho  in  part  derived  from  the  lava. 

At  the  north  end  of  the  knob  a  long 
point  remains  unremoved  because  of 
the  included  shale  wedge  sketched  in 
figure  3.  This  we<lge  was  plainly  near 
the  top  of  the  lava,  no  great  thickness 

_  of  which  over  lay  above  it. 

—  —   '—  "      ^__- The  surfa(«s  of  the  lava  adjoining 

•^^■^Hi^^^^^^— ^i^^^K*    tlu'  vertical  wedge  of  shale  shown  in 
ernrtti   Wft'oc   'If   fiirure  2  are  highly  smoothed,  polished. 


flhale  enclosed  in  Lara  u(  Slarki  Knob 


and   slickensided.     The  striation   < 


It  doe-  not  Bhow  clpurly  Id  tb?  photo-  .  i       .        ■         ,    , 

graph,  but  Uwi  toward  the  left  end  of  the  lliose    surfaces    18    nearly   horizontal, 

eipowd  f«ee,  n«rly  ovpr  the  proJectlDg    glio^-ing    that    these    two   parts    of    the 
point  sketched  In  flBiire  I.  ,        ,     ,  ,  ,      ,  . 

knob  have  been  pushed  past  one  an- 
other laterally  under  conditions  of  considerable  load.  This  zone  of  shear- 
ing bears  northwest-southeast.  Zones  parallel  to  this  run  through  the 
knob,  though  lacking  included  shale,  and  in  alt  cases  with  the  highly 
slickensided  surfaces  showing  nearly  horizontal  striations. 


FioiiiE  S.—Sivlili  of  Hhale  Wcil'ie  mrtoied  In  Lara  at  the  north  End  of  8lark>  Knob 
A  long  praJeclInK  point  remains  uniiimrrled  here,  the  Inner  inrllon  ol  which  abowR  at  the 
extreme  right  In  the  pliulugrarh.  the  remnlnder  l>elDg  without  the  Seld  of  view- 
In  the  northern  half  of  the  knob  tlie  excavations  have  brought  to  light 
another  great  shear  zone,  also  nearly  vertical,  but  bearing  north-south. 
In  this  we  have  again  the  same  thorongh  slickensiding,  and  again  the 
striations  are  nearly  horizontal,  in  no  observed  instance  departing  more 
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R  BASE  OF  STARKS  KNOB 


The  pbvtOKraph  sbows  the  shales  aa  ihpy  aiJpeaml  li 
graphi^  ma)'  bv  Heen  In  Ihe  previous  plalr  n^ar  Ihe  li 
rlghl  of  Ilie  cable  wlilch  eileuds  duwn  Ihe  faiv. 
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than  20"  from  it.    These  two  masBea  have  also  suffered  lateral, relative 
displacement  under  conditions  of  load. 

In  addition  to  these  two  great  zones  are  many  minor  planes  of  shear- 
ing'throughout  the  knob,  all  with  sliekensided  faces  and  with  striations 
approaching  the  horizontal. 

During  1910  quarrying  work  at  the  knob  was  in  such  stage  as  to  expose 
great  sheared  surfaces  in  the  central  part  of  the  knob.  The  sheared  ma- 
terial had  considerable  thickness,  3  to  4  feet  at  least,  and  consisted  of  a 
mass  of  shaly,  thin  curved  plates,  Ireantifully  sliekensided  on  alj  surfaces 
for  the  entire  exposed  thickness.  At  the  time  it  did  not  occur  to  ua  that 
this  was  the  base  of  the  trap,  and  we  interpreted  it  as  a  great  shear  zone 
which  cleaved  the  knob  diagonally  from  base  to  summit,  since  it  had  an 
easterly  inclination  of  some  40°  and  apparently  passed  clear  through  the 
knob.  Plate  11  is  a  photograph  of  a  portion  of  this  sheared  surface, 
showing  a  con.siderable  thickness  of  the  material.  At  subsequent  visits 
these  surfaces  had  become  covered  by  quarry  debris  and  sliowed  but 
poorly.  We  learned,  however,  that  the  material  had  been  drilled  into  to  a 
-depth  of  12  feet  in  search  of  lava  underneath,  but  that  none  had  been 
forthcoming.  This  leads  to  the  belief  that  this  is  really  underlying  shale 
and  marks  the  actual  base  of  the  lava.  The  material  does  not  exactly 
resemble  the  ordinary  shale,  and  there  is  some  reason  to  believe  that  some 
lava  has  been  sheared  in  with  the  shale.  In  this  zone,  also,  the  striations 
approach  the  horizontal. 

There  is  still  one  more  indication  nf  dislocation  in  the  knob;  its  back 
seems  to  be  broken.  This  becomes  quite  evident  to  the  observer  who 
stands  on  the  summit  and  looks  down  into  the  excavation.  The  main 
shear  zone  in  the  northern  half  of  the  knob  trends  north  10°  east,  and 
this  is  also  the  trend  of  the  lava  mass  there.  The  southern  half  of  the 
knob,  however,  trends  north  45°  west,  and  its  shear  zone  likewise.  The 
knob  appears  as  if  cracked  in  two  midway  and  the  two  halves  dislocated 
through  an  angle  of  55°.  From  the  highest  point  of  the  knob,  as  shown 
in  the  photograph,  a  line  carried  nearly  vertically  down  the  front,  with 
just  a  slight  inclination  to  the  right,  will  separate  the  knob  into  these 
two  halves. 

All  the  evidence  indicates  that  the  lava  of  the  knob  has  experienced 
compressive  dislocation  of  the  same  type  as  have  the  overthrust  shales  in 
whose  midst  it  lies ;  of  the  same  type  and  quite  comparable  in  amount. 

If  the  great  diagonal  shear  zone  ]U8t  described  lies  at  the  actual  base 
of  the  lava,  then  the  latter  forms  a  sheetlike  mass,  inclosed  in  the  shales, 
and  dipping  in  conformity  with  them,  as  sketched  in  figure  4.  This 
corresponds  with  Woodworth's  original  conception  of  the  relations  of  the 
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lava  and  shales.*  The  present  relief  of  the  knob  is  due  to  erosion,  the 
lava  being  more  resistant  than  the  inclosing  shales.  The  shale  wedges 
inclosed  in  the  lava  may  be  due  to  lava  tongues  running  out  into  ,the 
shales  from  the  main  mass,  but  more  probably  they  are  due  to  dislocation, 
to  a  breaking  up  of  the  lava  mass  by  faulling  and  shearing,  with  inter- 
leaving of  masses  of  shale. 


FiouHi:  4,— Hloi/iam  tlluiUallne  ItelaUont  of  Lara  onrf  enctotiag  Sfto'ei  of  marks  Knnb 

Tbe  lavs   rorma  a   HheelLIke  idbsb  dlpplDK   la   thp  east  nllb    the   Bbales   at   bd   averBge 

Bngle  or  about  35" 

The  lava  then  seems  to  lie  within  tbe  shales  affer  the  manner  of  an 
intrusive  sheet;  but  it  js  altogether  too  short  for  a  sheet.  It  is  cut  off 
in  very  abrupt  fashion  on  the  north ;  a  trench  cut  in  the  rock  on  that 
side,  just  beyond  the  knob,  shows  nothing  but  sliale.  On  the  south  it  is 
cut  off  nearly  as  ahniptly.  Moreover,  the  nature  of  the  lava  itself,  the 
ball  structure  and  the  pitahstone,  decisively  negative  any  notion  that  we 
are  dealing  with  a  sheet.  It  indicates  either  a  surface  flow  or  a  volcanic 
neck. 

Microscopic  Cuabacter 

There  are  two  chief  varieties  of  the  rock  of  the  knob — the  finely  crys- 
talline, dull,  black  rock  of  the  lava  balls,  and  the  intervening  pitchstone. 
Both  are  locally  amygdaloidal ;  but  all  such  material  seen  by  us  was  found 
loose  on  the  dumps,  and  such  as  had  frefiuent  amygdulce  was  not  abun- 
dant. The  study  of  the  expoiiiures  has  led  to  the  belief  that  the  balls 
may  have  originally  possessed  a  glassy  crust,  and  this  was  Woodworth's 
belief  also.  But  if  so,  this  has  been  sheared  away  by  subsequent  move- 
ments, and  at  present  all  glassy  material  is  hefwccn  the  balls.  The  bulk 
of  it  baa  been  greatly  mashed  and  sheared.  The  halls  also  invariably 
fibow  elickensided  exteriors. 

Thin-sections  from  the  balls  show  a  network  of  minute  feldspar  latha. 
set  in  what  was  in  some  cases  certainly',  and  in  all  cases  probablj',  a 
glass  base.    In  the  fine-grained  rock  from  the  margins  of  the  balls  the 

'  21sr  Repl.  Nfw  York  8tBt«  Geolog}',  figure  2,  p.  rlR, 
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laths  have  a.  prominent  radial  or  spherulitic  arrangement;  the  somewhat 
cuarser  rock  from  the  centers  shows  the  same  arrangement,  but  less  prom- 
inently. The  laths  are  minute  and  not  greatly  twinned.  In  the  coarser 
varieties  extinctions  up  to  80"  are  shown,  and  the  feldspar  is  probably 
andesine-labradorite. 

In  none  of  the  slides  is  there  any  determinable  pyroxene.  In  the  finer- 
grained  rock  it  is  quite  certain  that  nu  pyroxene  ever  crystallized  out; 
in  the  coarser  rock  a  trifle  may  have  done  so,  as  there  are  small,  scattered 
patches  of  calcite  and  other  alteration  products  between  the  feldspars, 
which  may  have  resulted  from  the  alteration  of  small  pyroxenes.  But 
this  is  not  thought  probable,  and,  in  any  event,  the  amount  is  small. 

In  all  of  the  slides  there  are  occasional  altered  areas  which  have  the 
polygonal  outlines  of  porphyritic  crystals.  Many  of  these  have  the  shapes 
and  angles  of  olivine,  and  all  are  probably  original  cr^'stals  of  this  min- 
eral. The  usual  alteration  ia  to  a  chlorite  aggregate,  often  with  traces 
of  the  mesh  structure  of  serpentine;  but  sumctiiuM  the  mineral  is  re- 
placed 'by  crystalline  calcite. 

Much  opaque  material  is  seen  in  all  the  slides.  There  is  a  little  pyrite 
in  small  but  determinable  crystals.  There  is  much  finely  divided,  black 
matter,  which  may  be  magnetite,  though  none  of  it  shows  the  character- 
istic luster  of  that  mineral,  being  perhaps  too  minute.  But  the  most 
characteristic  opaque  mineral' in  the  slides  presents  optical  characters 
new  to  our  experience.  The  chemical  analysis  suggests  that  it  is  graphite, 
or  Bome  graphitoid  mineral,  and  such  it  most  probably  is ;  but  its  luster 
is  entirely  different  from  that  of  ordinary  graphite.  It  shows  instead  in 
reflected  light  an  even,  light  gray  sheen,  quite  unlike  the  appearance 
which  metallic  luatered  minerals  show. 

All  the  slides  contain  much  calcite.  It  fills  the  amygdules,  solidly 
welds  up  the  host  of  cracks  which  ramify  everywhere  through  the  lava, 
and  also  occurs  in  irregular  patches  through  the  lava.  In  some  of  the 
amygdules  a  little  quartz  accompanies  it.  At  a  rough  estimate,  it  forms 
between  5  per  cent  and  10  per  cent  of  the  mass  of  the  knob.  It  gives 
eloquent  testimony  to  the  shearing  which  the  knob  has  experienced.  The 
calcite  filling  cracks  shows  everywhere  prominent  undulatory  extinction 
and  polyaynthetie  twinning,  such  as  are  characteristically  developed  in 
this  mineral  under  compressive  stress. 

The  limestone  inclusions  in  the  balls  have  had  a  slight  chilling  eifect 
upon  the  lava,  producing  a  boi'der  of  clear,  green  glass,  packed  with 
finely  divided,  black,  opaque  matler.  A  shght  amount  of  corrosion  has 
occurred,  the  limestone  border  being  etched  away,  fragments  separated 
and  inclosed  in  lava  and  in  whole  or  in  part  dissolved.  The  border  of 
the  limestone,  against  the  lava,  is  more  coarsely  crystalline  than  the  re- 
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mainder  and  is  also  packed  with  the  fiue,  opaque  material,  which  ie  evi- 
dently a  product  of  tlie  corrosion,  as  elsewhere  both  limestoDe  and  lava 
are  free  from  it. 

The  pitchfitone  which  occupies  the  spaces  between  the  balls  ia  found 
massive  and  imcniahed  only  when  protected  by  limestone  inclusions.  It 
consists  of  clear,  green  glass,  so  precisely  like  that  formed  in  similar 
situation  in  the  balls  as  to  suggest  a  like  origin.  The  field  evidence  is 
plain  that  the  pitchstone  haa  had  much  more  powerful  corrosive  action 
on  the  limestone  of  the  inclusions  than  the  lava  of  the  balls  had ;  hence 
the  much  greater  quantity  of  this  glass  in  the  pitchstone.  Except  for 
an  occasional  pyrite  and  frequent  nests  of  abundant,  tiny,  opaque  matter, 
there  is  no  sign  of  any  crystallization. 

Chemical  Composition 

Since  the  rock  from  the  centers  of  the  large  lava  balls  seemed  in  quite 
fresh  and  unaltered  condition,  escept  for  the  olivine,  it  was  confidently 
e.^pected  that  a  chemical  analysis  would  definitely  show  the  composition 
of  the  lava  and  would  be  attended  by  no  especial  difhculty ;  but  analysis 
developed  the  presence  of  a  considerable  amount  of  carbon  iu  the  rock, 
rendering  determination  of  ferrous  iron  very  difficult,  and  showed  also 
the  presence  of  a  large  quantity  of  water.  This  also  was  difficult  of 
exact  determination.  But  Professor  Mortey  has  labored  indefatigably  at 
the  problem.  The  ferrous  iron  was  finally  determined  by  bichromate 
titration.  Professor  Morley  states  that  the  results  can  not  he  vouched 
for  to  the  single  drop,  as  witli  permanganate,  but  that  the  uncertainty 
is  not  great;  that  he  can  not  hope  that  the  accuracy  of  the  three  de- 
terminationB — FejO,,  FeO,  and  H,0+ — is  as  great  as  that  of  the  otliers, 
but  that  he  has  every  reason  to  believe  in  their  reasonable  aci'uracy. 
Our  indebtedness  to  him  for  the  painstaking  labor  and  the  eventual  very 
satisfactory  result  is  most  emphatically  espressed. 

The  water  is  no  doubt  present  as  a  constituent  of  the  glass.  The 
interest  attaching  to  the  presence  of  carbon  more  than  compensates  for 
the  slight  uncertainty  introduced  into  the  analysis. 

SiO,  47.55 

Al,0, ie.65 

F^O,   4.M 

FeO 5.12 

MgO   5.63 

CaO 4.77 

Na,0 450 

K,0 2.52 

H,0+ 6J>7 

Bfi- 0.24 


C.y,l..<.J,,C'OOglC 


OHEMTCAL   COMrOSITION 


TIO,  . 

p,o.  . 


Selected  rock  from  the  center  of  one  of  the  large  lava  balls,  as  free  as 
possible  from  calcite.    E.  W,  Morley  aoolyst. 

The  calculated  norm  of  the  rock  would  be 

Orthoclase  15.01      Olivine  12.64 

Alblte  33.01      Magnetite 7.19 

Auorthlte   18.90      Ilmenlte 1.67 

Neiibeline  1.42      A|iailte   0.67 

Dio|wld«  2.48 

Totaling  9S.9d  per  cent,  the  residue  consisting  of  vater,  carbon,  and 
calcium  carbonate. 
The  rock  classifies  in 

Class  2,  Dosalane ;  Rang  3.  Andaee ; 

Order  6,  Germanore;  Suliraiig  4,  Andose. 

It  is  thus  a  member  of  a  very  large  rock  group  of  diabasic  or  basaltic 
composition.  It  is  quite  near  some  of  the  Newark  traps — that  from 
Medford,  Uaasachusetts,  analyzed  by  Merrill,  for  example — though  it  is 
a  more  basic  rock  than  the  average  Newark  traps,  which  run  from  52  to 
53  per  cent  of  silica. 

The  carbon  content  was  a  wholly  unexpected  result.  Gaseous  com- 
pounds of  carbon  are  emitted  by  most  cooling  lavas,  but  a  considerable 
carbon  content  in  the  cold  lava  is  most  exceptional.  Inquiry  as  to  its 
source  is  naturally  suggested. 

The  knob  is  surrounded  by  black  shales  and  these  at  once  suggest 
themselves  as  a  possible  source.  There  are  no  recognizable  shale  inclu- 
sions in  the  lava,  but  it  might  be  possible  that  the  explosive  action  of  the 
eruption  should  have  mingled  a  certain  content  of  comminuted  shale  with 
it.  The  thin-sections,  however,  give  no  suggestion  of  any  such  admixture, 
no  shale  particles  being  recognizable  in  them.  And  when  it  is  recalled 
that  in  such  black  shales  the  entire  content  of  carbonaceous  matter  does 
not  usually  exceed  5  per  cent  of  the  rock,  it  will  be  seen  that  the  rock 
at  the  knob  would  of  necessity  contain  from  15  to  20  per  cent  of  shale, 
in  order  to  give  the  carbon  percentage  shown  on  analysis,  provided  it  came 
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from  this  source ;  but  neither  the  thiu-Bection  nor  the  chemical  analysia 
gives  any  suggestion  of  such  an  admixture. 

A  trifling  amount  of  carbon  may  have  been  obtained  from  diflsolved 
limestone,  as  this  contains  a  small  amount  of  organic  matter,  and  the 
abundant  opaque  particles  developed  in  the  glass  at  the  hmestone  con- 
tacts definitely  suggests  something  of  the  sort ;  but  there  is  no  evidence 
of  a  large  amount  of  limestone  correction,  and  the  ruck  is  low  in  lime, 
lather  than  high.  It  could  not  have  obtained  much  carbon  from  this 
source. 

There  remain  apparently  two  possible  sources  for  the  carbon.  The 
heat  of  the  intrusion  may  have  liberated  hydrocarbon  from  the  shales 
below  ground,  which  were  then  taken  up  by  the  lava,  or  the  lava  itself 
may  have  contained  more  carbon  than  usual  originally,  more  than  could 
be  oxidized  by  the  usual  volcanic  processes.  Either  process  is  unusual, 
but  th«i  the  occurrence  is  itself  unusual.  Qraphite  does  occur  iu  igneous 
rocks;  as,  for  example,  iu  some  of  the  Adirondack  pegmatites.  Its  oc- 
currence in  meteorites  is  well  known.  It  is  quite  possible,  therefore,  that 
it  is  here  one  of  the  primary  minerals  of  the  lava;  but  the  large  amount 
present,  together  with  the  rarity  of  it^  occurrence  in  igneous  rocks,  en- 
forces caution  in  attributing  such  a  source  to  it.  In  so  far  as  possible 
derivation  from  the  shale  is  concerned,  it  must  be  stated  that  the  associ- 
ated shales  in  the  vicinity  of  the  knob  show  no  indication  of  any  toss  of 
carbon  due  to  action  of  the  lava,  or  indeed  of  any  change  whatever,  so 
that  if  we  look  to  them  as  a  source  we  must  assume  that  the  process  only 
took  place  at  greater  depths.  It  would  be  a  debatable  question  whether 
hydrocarbons,  liberated  from  the  shales  by  the  lieat  of  the  intrusion, 
would  migrate  into  the  lava;  whether  they  would  not  rather  be  driven 
away  from  it.  Even  if  taken  up,  why  should  they  have  been  converted  to 
graphite?  All,  or  nearly  all,  lavas  contain  carbon;  but  on  cooling  they 
give  it  off  in  combination  with  oxygen  or  with  hydrogen.  Why  an  excep- 
tion was  made  in  this  case  we  can  not  say." 

Is  THB  Lava  in  Place? 

Starks  Enob  is  a  small  mass  of  igneous  rock  inclosed  in  shales  which 
are  everywhere  greatly  folded  and  sheared,  and  which  the  evidence,  both 


*Dr.  H.  B.  WuhlngtoD  has  been  «o  kind  ■■  to  examlDe  the  tliln.>ectioaa  of  the  rock 
of  the  knob,  and  the  black,  inioluble  regldiies  obtained  cbemlcaU;.  HIa  commgnti  were 
recelred  too  late  to  be  luterted  Id  the  p*p«r.  Under  date  of  Mar  SBi  1613,  he  write*: 
'The  black  material  la  certalulf  carbon,  but  la  not  graiihite.  The  Idea  hai  ocearred  to 
me  that  Its  preieuce  It  poi*ai]/  dae  Id  redactlan  of  CO,  by  FeO,  the  COi  lupplled  from 
the  Itmeitone  iDClnilona.  Thla  aeems  a  ralb^r  wild  hrpotheala,  bnt  la  auneated  by  Ihe 
appearance  of  the  aectlouB  where  the  carbon  la  about  the  maile  mlnerala  and  not  la  tiu 
feldspar.  1  have  talked  it  over  with  Hoatetter,  who  la  wocklns  on  the  troo  alllcataa, 
and  he  tajt  that  It  la  poaalbie,  girea  proper  temperature  and  pressure,  for  FsO  to  («■ 
doc*  COt;  to  what  extent,  ot  contM,  la  imcertain,  and  dependent  upon  eonOlUoaa," 
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stmctural  and  paleontologic,  Bhows  to  have  been  overthnut  ioto  the  dis- 
trict from  the  east.  The  question  naturally  arisee.  May  not  the  lava  itself 
have  been  overthntet  into  the  region  along  with  the  inclosing  shales  ?  We 
can  not  definitely  answer  this  question,  but  we  must  emphasize  its  possi- 
bility. Were  it  the  fact,  certain  of  the  rtruotural  features  would  receiTe  a 
simple  explanation.  Ae  a  result  of  the  overthnisting  the  weak  shales  have 
become  a  jumble  of  small  separate  masses  of  varying  age.  The  grit  bands 
have  been  rent  asunder  and  now  occur  in  widely  separated  fragments 
through  the  shale,  after  the  manner  of  inclusions.  In  such  a  mixture  a 
fragment  from  some  mass  of  igneous  rock  could  easily  be  carried.  The 
shearing  and  dislocation  of  the  lava,  its  abrupt  lateral  terminations,  the 
lack  of  dikes  running  out  into  the  surrounding  shales,  and  the  shale 
wedges  in  the  lava  would  all  be  simply  and  readily  accounted  for.  Mora 
especially  the  difBculty  of  accounting  for  the  inclusions  in  the  lava,  abun- 
dance of  one  type  of  limestone  fragments  and  entire  lack  of  inclusions  of 
all  other  sorts,  more  especially  those  of  shale,  would  be  much  diminished. 
The  manner  of  occurrence  in  the  shales,  also,  as  a  short  and  compara- 
tively thick  mass  which  follows  down  the  dip  of  the  shales,  would  not  be 
so  difficult  of  comprehension.  The  shales  are  so  cleaved  that  they  usually 
come  apart  more  readily  on  the  cleavage  planes  than  on  the  stratification. 
It  is  this  character  that  makes  it  so  difficult  to  collect  fossils  from  them. 
It  would  seem  that  the  explosive  action  occurring  on  the  formation  of  a 
volcanic  vent  through  them  would  have  opened  them  vertically  along  the 
cleavage  planes  instead  of  following  the  inclined  stratification  slope. 

If  the  lava  solidified  where  it  now  rests,  the  only  possible  explanation 
of  the  occurrence  is  that  we  have  here  a  volcanic  throat  or  neck.  The 
nature  of  the  rock  and  the  small  lateral  extent  of  the  mass  render  it  cer- 
tain that  it  is  neither  an  intrusive  sheet  nor  a  fiow.  But  volcanic  necks 
are  usually  nearly  vertical  instead  of  quite  inclined,  as  in  this  case;  they 
usually  cut  across  the  bedding  instead  of  following  it,  and  they  are  com- 
monly filled  with  agglomerate,  tuff,  or  solid  lava.  We  recall  no  account 
of  a  neck  filled  with  such  material  as  that  at  Starks  Knob.  The  usual 
filling  is  much  more  distinctly  fragmental  in  type  and  more  diversified  in 
character.  On  the  other  hand,  we  know  of  no  reason  why  material  such 
as  that  at  the  knob  might  not  accumulate  in  a  volcanic  neck. 

Many  features  of  the  knob  foreibly  recall  the  characters  of  pillow  lavas, 
characters  shown  to  be  produced  (in  many  instances  at  least)  in  surface 
lavas  when  poured  out  so  that  they  mingle  with  surface  waters.  Sphe- 
roidal structure,  production  of  glass,  and  explosive  mixture  with  frag- 
mental material  from  beneath,  are  prominent  features  of  such  lava-flows. 
The  great  number  of  shrinkage  cracks  which  everywhere  cut  the  lava 
balls  is  another  feature  possessed  in  common. 
XXIV— Bvu..  oaoi-  >oc.  Am.,  Vol.  M,  1918 
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'There,  is  no  sign  of  the  basal  admixture  with  fragmeutal  material,  such 
SB  iB  found  in  many  pillow  lavas,  at  Starka  Knob.  But  the  base  is  not 
well  exposed  and,  moreover,  has  been  enormously  sheared.  An  analysis 
of  this  basal,  sheared  material  does  suggest  a  possible  mixture  of  lava  and 
shaly  matter  in  its  make-up,  but  this  is  not  at  all  certain.  The  lava  is 
not  as  highly  altered  as  most  pillow  lavas  are,  but  this  difference  may  be 
more  apparent  th^n  real.  Most  such  lavas  have  been  described  from 
natural  exposures  and  exteriorly  the  lava  at  the  knob  was  greatly  altered. 
The  pr^ent  fresh  material  was  obtained  from  well  within  the  knob, 
available  because  of  the  quarrying. 

:  Nor  is  the  structure  precisely  comparable  to  that  of  pillow  lavas,  the 
chief  difference  being  in  the  much  greater  quantity  of  intervening  matter 

.  separating  the  ellipsoids  at  the  knob ;  but  there  has  been  much  shearing. 
AU'tlie  balls  show  glickensided  exteriors  and  the  greater  part  of  the  inter- 

'ivening  matter  has  been  greatly  sheared.  It  is  highly  probable  that  the 
^quantity  of  intervening  material  has  been  much  increased  by  this  means, 
the  outer,  glassy  portions  of  the  balls  being  thereby  sheared  away. 

^  In  attempting  to  weigh  the  evidence  for  or  against  the  lava  being  in 
place  or  being  an  overthrust  mass,  we  must  confess  our  inability  to  come 
to  any, definite  conclusion  in  the  matter.  The  latter  view  seems  a  priori 
^0  unlikely  that  our  sympathies  are  entirely  with  the  other.  Yet  the 
similarity  of  the  material  to  a  fragment  of  a  surface  flow  embedded  in 

.  the  shales  i^  so  great  and  contrasts  so  strongly  with  the  usual  characters 
of  a  volcanic  neck  that  we  can  not  relieve  ourselves  from  the  suspicion 
4hat  it  is  after  all  a  fragment  of  a  surface  flow  which  was  poured' out  on 

^g  surface  of  Bald  Mountain  limestone,  probably  under  water,  and  was 
subsequently  thrust  westward  to  its. present  position.  Under  either  view 
there. is  no  other  mass  with  which  to  compare  it.    If  it  is  in  place  it  rep- 

.  resents  the  only  intrusion  of  its  type  or  of  its  age  that  is  known  within 
the  State.,  or  anywhere  in  the  vicinity.  If  it  is  an  overtbrust  fragment,  no 
other  fragments  are  known.  They  may  be  buried  from  sight  elsewhere 
ip  the  thick  mass  of  the  overthrust  shales  or  they  may  have  been  entirely 

^.eroded  away. 

The  Inclosions 

The  difficulty  of  accounting  for  the  limestone  inclusions  has  been  al- 
ready stated.  The  inclusionB  are  many  and  all  of  the  one  kind  of  rock, 
rock  which  seems  referable  to  the  Bald  Mountain  limestone  perhaps,  but 
certainly  to  no  other  of  the  formations  of  the  region.  Just  wtut  the 
thickness  of  the  overthrust  shales  may  be  at  the  knob  we  have  no  means 
of  knowing,  but  they  extend  5  miles  farther  to  the  westward  before  being 
replaced  at  the  surface  by  the  undisturbed  Canajoharie  shales  of  the  in- 
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digeoous  rock  series ;  hence  quite  likely  their  thickuefis  at  the  knob  ia  con- 
siderable) some  hundreds  of  feet.  In  considering  the  manner  of  over- 
thrusting  of  sutli  weak  shales,  it  seems  reasonable  if  not  obligatory  to 
suppose  that  the  thrust  was  transmitted  by  some  strong,  competent  rock 
stratum  on  top  of  which  the  shales  were  carried  westward.  This  stratum 
might  carry  as  far  west  as  the  shales,  or  not  quite  bo  far,  a  jumbled  mass 
of  shales  extending  somewhat  beyond  it.  The  Bald  Mountain  limestone 
ii  the  first  competent,  foriiiation  of  this  sort  beneath  the  N'ormanskill 
shales  in  the  overtlirust  section,  and  it  is  therefore  not  unreasonable  to 
suppose  that  it  may  be  present  underground  at  the  knob.  If  so  it  would 
be  nearest  the  surface  of  any  of  the  limestone  or  dolomite  formations  of 
the  region,  with  soft  shales  above  it,  and  also  below  it  if  it  rests  on  the 
Canajoharie,  as  is  probably  the  case.  Hence  fragments  of  it  could  be 
easily  carried  upward  in  the  lava.  The  lack  of  shale  inclusions  is  not 
thus  explained,  nor  the  lack  of  inclusions  from  the  more  deeply  buried 
formations,  such  as  the  Little  Falls  dolomite  and  Potsdam  sandstone.  If 
the  drill  should  sliow  that  the  Bald  Mountain  limestone  w^s  present  at  no 
great  depth  below  ground  at  the  knob,  or  if,  on  the  other  hand,  it  should 
show  that  it  was  uut  present  at  all,  nur  any  other  similar  limestone  for- 
mation, we  should  have  more  definite  data  for  deciding  whether  the  knob 
was  exotic  or  not ;  but  the  drill  has  not  been  at  work  in  the  vicinity. 
With  our  present  knowledge,  it  seems  to  us  the  inclusions  are  most  simply 
esplained  on  the  view  that  the  knob  is  an  overthrust  fragment  of  a  sur- 
face flow  poured  out  on  limestone,  though  it  is  an  open  question  whether 
under  such  conditions  the  limestone  would  have  been  likely  to  undergo  as 
much  corrosion  as  it  has  experienced. 

Age  of  the  iovedus  Rock 

The  question  of  the  age  of  the  lava  is  obviously  connected  with  the 
question  as  to  whether  it  is  in  situ  or  is  not.  If  in  place,  it  must  be 
younger  than  the  Ordovician  shales  which  it  cuts.  If  not  in  place,  this 
is  not  necessarily  true,  though  it  is  probably  so.  There  exist  in  New 
York  two  groups  of  igneous  rocks  which  fulfill  this  age  requirement — 
the  basic  dikes  of  the  Champtain  Valley  and  of  central  New  York  and 
the  traps  of  the  \ewark  series.  When  Woodworth  and  Oushing  dis- 
cussed this  matter  at  the  time  of  the  original  description  of  the  knob,  a 
dozen  years  ago,  they  independently  suggested  a  Newark  age  as  most 
probable.  The  rock  is  much  more  like  the  Newark  traps  than  it  ia  like 
the  basaltic  dikes  of  the  Ohamplain  Valley  or  the  peridotites  of  central 
Sew  York,  and  a  reference  to  a  known  group  of  igneous  rocks  seemed 
tu  us  a  more  probable  one  than  the  alternative  of  considering  this  as  the 
lingle  representative  known  of  igneous  action  of  other  date  in  the  vicinity. 
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More  recently  Kemp,  from  his  study  of  the  mineral  waters  of  the  Sara- 
toga region,  some  of  whose  constituents  impress  him  as  of  probable  deep- 
seated  origin,  has  suggested  the  possibility  that  Starks  Knob  has  some 
significance  in  the  matter  and  may  pertiaps  be  of  Tertiary  age.' 

A  reference  to  the  Newark  still  seems  to  the  writer  the  most  logical 
view  to  take  in  default  of  positive  evidence  to  the  contrary.  If  the  lava 
has  been  overthrust,  it  may  well  represent  a  fragment  of  a  Newark  flow, 
to  some  of  which  it  has  a  strong  resemblance,  as  originally  pointed  out 
by  Woodworth.  That  would  mean  that  the  date  of  the  overthnisting 
must  be  later  than  the  Newark ;  but  when  one  contemplates  the  amount 
of  deformation  which  the  Newark  rocks  have  everywhere  experienced, 
there  is  no  especial  difficulty  in  that  assumption.  In  any  event  the 
amount  of  deformation  which  the  knob  has  undergone  seems  a  positive 
evidence  of  antiquity.  The  deformation  must  have  taken  place  under 
load,  since  removed  by  erosion.  The  lava  is  of  the  effusive  type;  since 
being  extruded  it  has  been  buried,  deformed,  and  then  uncovered.  To 
be  ature,  it  lies  along  the  axis  of  a  main  valley  of  erosion,  surrounded  by 
relatively  weak  rocks,  so  that  conditions  are  favorable  to  rapid  wear;  and 
glaciation  may  have  been  an  important  factor  in  the  process.  But  even 
making  every  allowance  for  that,  it  seems  to  us  that,  from  this  one  stand- 
point alone,  the  oldest  Tertiary  is  the  youngest  age  that  could  be  ascribed 
to  the  lava  with  any  degree  of  probability.  And  since  Tertiary  igneous 
rocks  have  been  nowhere  demonatrated  in  the  country  east  of  the  Mis- 
sissippi, the  Newark  age  seems  to  us  the  more  probable.  Yet  we  candidly 
admit  the  peculiarity  of  the  rock  and  its  isolated  occurrence  and  have 
no  quarrel  with  any  one  disposed  to  take  a  difFerent  view.  It  can  be 
legitimately  argued  that  the  Saratoga  Springs  are  also  peculiar  and  iso- 
lated, and  that  their  existence  in  the  same  region  with  the  knob  is  not 
likely  to  be  ascribable  to  pure  chance. 

To  sum  up,  the  knob  consists  of  a  small  mass  of  lava  of  distinctly 
effusive  type.  If  it  is  in  place,  it  seems  surely  a  volcanic  neck,  thou^ 
it  has  many  characters  unlike  those  of  most  necks;  if  not  in  place,  it 
seems  surely  a  fragment  of  a  surface  flow,  overthrust  into  the  district 
from  somewhere  farther  east.  If  in  place,  it  is  younger  than  the  date 
of  the  overthrusting,  though  it  may  have  been  somewhat  deformed  by 
the  final  stages  of  the  process ;  if  not  in  place,  it  is  older.  If  not  in 
place,  we  have  no  definite  idea  whence  it  came,  nor  are  any  similar  frag- 
ments known.  It  has  some  features  in  common  with  certain  Newark 
trap  flows  and  is  like  some  of  them  in  composition.  Clear  evidence  of 
much  shearing  of  the  knob,  of  such  type  as  to  indicate  deformation  under 
load,  leads  to  the  conviction  that  the  lava  can  not  be  an  especially  recent 
one.     It  is  noteworthy  for  its  large  content  of  carbon. 

•  BnU.  1G9,  Vw  ZoA  BlatB  KvMiiiii,  pp.  n-O. 
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order  to  provide  a  place  for  the  earliest  Silurian  strata  occurring  in  Illi- 
nois and  eastern  Missouri  which  occupy  a  position  above  the  top  of  the 
generally  accepted  Cinciniiatian  (Richmond)  and  below  the  BrassfieM 
(Ohio  Clinton)  limestone. 

Regarding  the  stratigraphic  position  of  the  Brassfield,  Professoi  Schu- 
chert*  states  in  his  classic  work  on  the  Paleogeography  of  North  America 
that  "in  the  Auticosti  section  it  is  seen  that  this  so-called  Clinton  (Ohio 
Clinton)  or  TripJecia  orioni  zone  is  older  than  the  true  Clinton  of  the 
Appalachian  region."  It  is  now  also  known  that  the  fauna  of  the  Brass- 
field  limestone  is  very  closely  allied  to  that  of  the  earlier  Silurian  strata 
of  Illinois  and  eastern  Missouri,  as  shown  in  the  similarity  of  several  of 
the  genera  and  species  to  those  of  the  older  Edgewood  limestone.  For 
this  reason  the  strata  representing  the  Brassfield  in  Illinois  and  Missouri 
are  here  included  in  the  Alexandrian  series. 

As  thus  defined  the  Alexandrian  series  embraces  all  of  the  strata  in 
this  region  between  the  top  of  the  Cincinnatian  (Richmond)  and  the  top 
of  the  Brassfield  limestone.  It  includes  strata  that  have  been  referred  to 
in  the  literature  under  various  formation  names,  as  the  Girardeau  lime- 
stone. Bowling  Green  limestone,  Noix  oolite,  Edgewood  limestone.  Sexton 
Greek  limestone,  Channahon  limestone,  and  Essex  limestone.  Some  of 
these  strata  have  been  assigned  to  positions  in  the  geological  column  as 
widely  separated  as  the  Trenton  division  of  the  Ordovician  and  the  Onon- 
daga, of  the  Devonian  system. 

In  1867  Billings  proposed  the  name  Middle  Silurian — "Anticosti 
group"  * — for  the  succession  of  strata  exposed  on  the  island  of  Anticosti, 
in  the  Gulf  of  Saint  Lawrence.  In  the  lower  part  of  his  Anticosti  group 
Billings  included  the  representatives  of  Ordovician  strata  to  which  the 
name  Richmond  has  since  been  applied.  In  the  upper  part  were  included 
strata  equivalent  to  the  entire  Niagaran  series  of  the  N"ew  York  section, 
and  in  the  middle  portion  were  strata  belonging  to  the  interval  between 
the  Richmond  below  and  the  Niagaran  (New  York  Clinton)  above,  to 
which  has  been  given  the  name  Alexandrian  series.  Since  the  Anticosti 
group,  as  defined  by  Billings,  embraced  at  the  base  such  an  important 
part  of  the  Cincinnatian  aeries  as  the  Richmond  and  in  the  upper  part 
the  whole  of  the  Niagaran  series,  this  term  is  not  considered  appropriate 
or  in  any  sense  to  have  priority  as  a  name  for  only  that  portion  of  the 
Anticosti  section  belonging  to  the  interval  between  the  Richmond  of  the 

■Cbarlca  Scbocbert :  FalfogeOBraphy  o(  North  America.     Bull,  RtoI    Soc.  Am.    vol    20, 
pp.  42T.604. 
•  B.  Billings ;  OcoloKlcal  Surrey  of  CanadB,    Beport  or  Pragrpsi.  1887,  pp.  24T-2S9. 
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Ordovician.  and  the  New  York  Clinton  of  the  Silurian  to  which  the  name 
Alexandrian  aeries  haa  been  applied. 

Distribution  of  Strata 

The  rocks  representing  the  Alexandrian  series  in  IllinoiB  and  eastern 
Missouri  appear  at  the  surface  in  two  general  areas  that  are  separated  by 
a  distance  of  300  miles.  One  area  borders  both  sides  of  the  Uississippi 
River  from  about  the  mouth  of  the  Ohio  River  north  nearly  to  Hannibal, 
Missouri.  Within  this  belt  outcrops  occur  at  intervals  over  a  width  of 
25  to  40  miles.  Good  exposures  have  been  studied  in  Alexander, and 
Union  counties,  Illinois,  and  in  the  vicinity  of  Cape  Girardeau,  Missouri. 
North  of  the  faultJine  that  crosses  the  south  end  of  Jersey  and  Calhoun 
counties,  Illinois,  and  west  into  Lincoln  County,  Missouri,  strata  repre- 
senting some  part  of  this  series  outcrop  at  a  number  of  places  over  the 
east  part  of  Lincoln,  Pike,  and  Balls  counties,  Missouri,  and  in  Jersey, 
Calhoun,  and  Pike  counties,  Illinois,  within  a  distance  of  12  to  20  miles 
from  the  Mississippi  River. 

The  second  area  in  which  these  early  Silurian  rocks  are  exposed  in  the 
upper  Mississippi  Valley  is  in  Will  and  Kankakee  counties,  in  north- 
eastern Illinois,  where  somewhat  isolated  outcrops  of  the  Sexton  Creek 
(^Brassfield)  limestone  and  earlier  Silurian  strata  appear  at  a  number 
of  places  in  the  vicinity  of  Kankakee  and  Desplaines  rivers.  It  is  prob- 
able that  the  Alexandrian  strata  in  the  Mississippi  River  area  and  in 
northeast  Illinois  are  more  or  less  continuous,  probably  along  the  present 
basin  of  the  Illinois  River,  but  they  are  concealed, beneath  younger  de- 
posits in  the  intervening  region. 

Earlier  Studies  and  Intehpbetation  of  the  Strata 

In  a  report  in  1855,  Mr.  G.  C.  Swallow,*  who  was  then  State  geologist 
of  Missouri,  noted  the  white  oolite  bed  in  the  vicinity  of  Louisiana,  Mia- , 
souri,  and  referred  it  to  the  Onondaga  of  the  Devonian. 

In  the  same  report  Shumard"  described  a  limestone  occurring  near 
Cape  Girardeau,  Missouri,  under  the  name  Cape  Girardeau  limestone, 
and  considered  it  the  oldest  Silurian  formation  in  the  State. 

In  discussing  the  stratigraphie  geology  of  Illinois  In  1866,  Worthen' 
recognized  the  Girardeau  limestone  in  the  vicinity  of  Thebes,  but  referred 
it  to  the  Ordovician  in  the  upper  part  of  the  Cincinnati  group. 

■  a.  C.  Bvsllow :  acologlcBl  Survey  of  UlsKmrl.     BcporU  1  and  2.  IBSa.  p.  lOT. 
*B.  F.  ShDoiard:  Oeologlcsl  Survcj  ol  MUaourl.     Report  2.  isns.  p.  1^4. 
■A.  H.  Worlbcn  :  Oeoloclcal  Surrvr  of  lUlnols.  vol.  t.  IsaO,  p.  130. 
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Od  a  later  page  of  this  report  Worthen  coireUted  with  the  Niagara  of 
northern  IllinoU  the  gray  limestoDe  foiming  the  lower  part  of  the  Mis- 
8ia§lppi  River  bluff  in  the  southwest  part  of  Pike  and  the  northwest  part 
of  Calhoun  counties  in  Illinois  (now  known  to  be  of  Seston  Creek  or 
Brasefleld  age). 

On  another  page  be  assigned  to  the  Lower  Helderberg  group  the  dark 
limestone  and  the  overlying  mottled  red  and  gray  limestone  in  the  vi- 
cinity of  Thebes  that  represent  respectively  the  Bldgewood  and  the  Sexton 
Creek  limestone  in  that  portion  of  the  State.    He  says : 

"It  would  appear  probable  that  do  beds  ot  undoubted  Niagara  age  were  erer 
laid  down  In  souUiern  IlIlnolB,  but  tn  tbelr  places  tbese  slllceoos  limestones, 
represeutlng  la  part  tbe  age  of  the  Lower  Belderberg  llmeetoues  end  In  part 
ttae  Orlskaur  sandstones  of  the  New  York  series,  were  deposited  restlns 
directly  npon  tbe  Cincinnati  group  of  tbe  Lower  Silurian." 

In  a  report  on  the  Geology  of  Alexander  County,*  Illinois,  published  in 
1868,  the  Girardeaa  limestone  is  again  assigned  to  tbe  Cincinnati  gronp, 
while  the  overlying  gray  limeetooe,  containing  Dalmaniteg  danai  and  its 
asBOciates,  is  referred  to  the  Lower  Helderberg. 

In  a  paper  presented  to  the  American  Association  for  the  Advancement 
of  Science  in  1870  Worthen*  again  discuseed  the  limestones  occurring 
between  the  Clear  Creek  {=^  Oriskany)  beds  and  Cape  Girardeau  lime- 
stone in  southwest  IHinois.    He  concluded  that 

"tbese  limestones  r^resnit  tbe  same  geolc^lcal  borism  as  tbe  Niagara  dolo- 
mltei  in  tbe  noKhem  part  of  tbe  State;  and  that  tbe  difference  In  tbe  speciflc 
character  of  the  fossils  ts  entirely  due  to  tbe  changes  In  tbe  oceanic  condi- 
tions under  which  they  were  deposited,  and  ttot  to  tbe  different  ages  of  tbe 
sediments  tbem  selves." 

In  describing  tbe  geology  of  Calhoun  and  Pike  counties,  Illinois,  in 
1870,  Worthen**  considered  the  gray  limestone  (=  Sexton  Creek  or  Brass- 
field)  appearing  in  the  lower  part  of  the  Mississippi  River  hluff,  from 
near  the  town  of  Rockport  south  to  Hamburg,  as  tiie  equivalent  of  the 
Niagara  limestone  in  the  northern  part  of  the  State.  He  regarded  as  tbe 
basal  member  of  the  Niagara  in  this  region  the  gray  oolite  and  the  over- 
lying huff  magneeiao  limestone  outcropping  a  few  miles  below  Hamburg 
and  that  are  now  known  to  correspond  to  the  Edgewood  as  developed 
near  Louisiana,  Missouri. 

In  his  description  of  the  geology  of  Will  and  Kankakee  counties,  in 

■AH.  Wortben  :  Cmlogtcal  Surver  of  Illlnoll,  toI.  ill,  18BS,  pp.  20-33. 

'A.  H.  Wortbrn:  Proc.  Am.  Ano.  AdT.  8ci.,  Tol.  iti,  187a  P-  IT!. 

■  A.  e.  Worthen :  Oecloglul  Surrey  o(  Illlooll,  vol.  It,  ibtO,  pp.  0,  I,  and  80. 
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1870,  Worthen^'  did  not  diBtinguish  the  AleiMndrian  aeriee  from  the 
Niagara  limeetone. 

In  a  report  on  the  Geology  of  liincoln  County,  Miasouri,  published  in 
1873,  W.  B.  Potter"  referred  the  oolite  present  in  the  ridgea  and  knobe 
in  the  northeast  part  of  this  county  to  the  Onondaga  of  the  Devonian. 

Id  a  paper  entitled  "A  remarkable  fauna  at  the  base  of  the  Burlington 
lim.estone  in  northern  Missouri"  in  1898,  Dr.  C,  R.  Keyes'*  distin- 
.guished  the  white  oolite  bed  and  the  overlying  buff  or  brown  limestone 
exposed  near  Louisiana  and  correlated  them  with  the  Niagara  limestone 
of  Iowa. 

In  describing  the  vertical  range  of  fossils  at  Louisiana,  Ifissouri,  in 
1897,  Keyes  and  Bowley"  again  referred  the  oolite  bed  and  the  associated 
bnff  limestone  in  this  region  to  the  Niagara. 

In  the  following  year  Keyea^*  published  a  paper  on  "Some  geological 
formations  of  the  Cap  Au  Grea  Uplift,"  in  which  the  name  Noix  oolite 
was  proposed  for  the  white  oolite  bed  in  the  vicinity  of  Louisiana,  and 
the  term  Bowling  Green  limestone  was  given  to  the  buS  magnesian  lime- 
atone  near  Bowling  Green,  Missouri,    Of  these  fonnations  Keyes  writes: 

"The  Nolx  oolite  and  tbe  Bowling;  Green  limestone  together  mar  be  regarded 
approximately  as  equivalent  to  tbe  so-called  Niagara  of  tbe  Upper  Hlsslsalppl 
basin." 

In  his  report  on  the  geology  of  Pike  County,  Missouri,  in  1907,  R.  R. 
Rowley^'  says: 

"The  Silurian  Is  represoiCed  by  a  wblte  oolitic  and  a  brown  limestone.  Tbe 
oolitic  limestone  attains  a  tblckness  of  about  7  feet,  nnd  from  Its  fauna  is 
tliongbt  to  belong  to  tbe  Clinton.  Tbe  brown  limestone  overllee  tbe  wblte 
oolitic  and  attains  a  maximum  tblckness  of  25  feet.  Tbls  borlson  Is  clearly 
Niagara." 

In  s  paper  by  the  writer'^  in  1908  a  bed  of  cherty  and  mottled  lime- 
stone in  southwestern  Illinois  was  recognized  as  the  equivalent  of  some 
part  of  the  Brassfield  limestone  of  Ohio.  A  distinct  formation  of  early 
Silurian  time  was  also  shown  to  be  present  in  this  region  below  the  Brass- 
field  and  above  the  Girardeau  and  separated  from  each  by  a  sedimentary 

»  A.  H.  Wortben  :   Ibid.,  pp.  «,  T.  ZS,  aod  20T-Z40. 
B  W.  B.  Potter  :  OeoloslMl  Suryer  ot  Mliaourl,  1BT3,  p.  242. 
"  C.  R.  KercB :  Am.  Jour.  Bel.,  vol.  illv,  1802,  p.  «47. 
•«  Keyet  and  Rowley :   Froc.  Iow«  Ac«<l.  8cl.,  vol.  Iv,  1897.  pp.  26-40. 
»C.  H.  Keyes:  Ibid.,  vol.  v,  18B8,  pp.  SS-S.'i. 

»  E.  R.  Rowley  :  Uliwiurl  Bureau  of  Geology  and  Ulnea,  2d  »er.,  vol.  vlU,  190T.  p.  20. 
"  T.  E.  Savase :  Od  (b»  Iiower  Paleoiolc  itratlgrapby  of  aoDthwetteni  IlUnoli.     Am. 
Jour.  Bel..  TDl.  ixv.  May,  1908.  pp.  431-443. 
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break.  The  Silurian  aspect  of  the  fauna  of  the  Girardeau  limestone  was 
emphasized,  and  the  name  Alexandrian  serieB  was  proposed  to  embrace 
these  post-Cincinnatian  and  pre-Clinton  beds  represented  by  the  Girar- 
deftu  limestone  and  the  succeeding  strata  lying  below  the  equivalent  of 
the  Braasfield  limestone. 

The  following  year  the  name  Sexton  Creek  limestone  was  defined'*  for 
the  Silurian  strata  in  Illinois  that  are  equivalent  to  some  part  of  the 
Braasfield.  The  term  Edgewood  limestone  was  at  the  same  time  applied 
to  that  part  of  the  Alexandrian  series  in  western  Illinois  and  eastern 
Missouri  lying  between  the  Girardeau  and  the  Sexton  Creek  limestones. 

In  discussing  the  "Faunal  succession  and  the  correlation  of  the  pre- 
Devonian  formations  of  southern  Illinois"  "  in  1910,  the  significance  of 
the  Silurian  types  of  fossils  in  the  Girardeau  limestone  was  pointed  out. 
and  the  Channahon  limestone,  in  Will  County,  was  regarded  as  the 
equivalent  of  some  part  of  the  Edgewood  formation  of  southern  Illinois 
and  eastern  Missouri. 

In  a  paper  read  at  the  1911  meeting  of  the  Illinois  Academy  of  Sci- 
ence, the  Essex  limestone,*"  in  Kankakee  County,  was  described  and  the 
formation  was  provisionally  referred  to  the  Alexandrian  series  above  the 
Edgewood  and  below  the  Sexton  Creek  limestone. 

General  stratigraphic  Relations 

The  strata  comprising  the  Alexandrian  series  in  Illinois  and  Missouri 
are  everywhere  unconformable  on  some  horizon  of  the  Richmond,  and 
they  are  separated  by  a  similar  sedimentary  break  from  the  rocks  that 
lie  above  them. 

In  the  south  part  of  the  area,  in  Alexander  and  Union  counties,  Illi- 
nois, and  Cape  Girardeau  County,  Missouri,  these  strata  rest  on  different 
levels  of  the  Orchard  Creek  shale  of  Richmond  age,  and  are  followed  by 
Helderbergian  limestone  having  the  faunal  aspect  of  the  New  Scotland 
of  New  York. 

Farther  north,  in  Jersey,  Calhoun,  and  Pike  counties.  Illinois,  and 
Lincoln,  Pike,  and  Ralls  counties,  Missouri,  the  Alexandrian  overlies  a 
blue  shale  that  in  Illinois  has  been  correlated  with  the  Maquoketa,  and 
in  Missouri  has  been  called  Hudson  River  shale  and  BuiTalo  Creek  shale. 
the  upper  part  of  which  corresponds  to  the  Orchard  Creek  shale  of  south- 

"  T.  E.  BUTBge :  The  Ordovklan  and  fillurlfln  (ormdHonB  In  A1pi«nd»r  countj.  lUlnoln. 
Am.  Jour.   StI,.  vol.  iitIII.  Dpcember.  IBOO.   pp.  500-510. 

"T.  R  Savagp:   lUlnols  SUIe  UrologicBl  Siii 

"  T.  E.  SavAge  :   Ttie  CtuaaahaD  and  Etafx  M 
8cl..  vol.  It,  1912.  pp.  67-103. 
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em  Illinois.  The  rocks  that  overlie  the  Alexandrian  strata  in  Jersey  and 
Calhoun  counties,  Illinois,  and  across  the  river  in  the  northeast  part  of 
Lincoln  County,  Missouri,  are  Devonian  limestones  of  Hamilton  age  be- 
longing to  the  Iowa  or  northwest  (Dakota)  province.  A  few  miles  still 
farther  north,  in  the  vicinity  of  Pleasant  Hill,  Illinois,  and  Louisiana, 
Missouri,  they  are  immediately  succeeded  by  a  bed  of  dark  shale  of  Upper 
Devonian  age. 

In  the  northeastern  Illinois  area  the  Alexandrian  strata  rest  on  the 
Maquoketa  shale  and,  where  exposed  beneath  superjacent  strata,  they  are 
followed  by  dolomites  of  Niagaran  age. 

Detailed  Stratioraprt  of  the  Alexandrian  Series 
thickseb8  asd  foruatioya  of  the  8erie6 
The  strata  comprising  the  Alexandrian  series,  as  defined  above,  have 
a  maximum  aggregate  thickness  of  about  175  feet.  The  series  is  divisible 
into  four  formations,  which,  with  the  possible  exception  of  the  Essex 
limci^tone,  are  unconformable  among  themselves,  but  their  faunas  arc 
clearly  related.  The  sequence  of  the  formations  from  below  upward  i;* 
as  follows:  Utrardeau  limestone,  Edgewood  limestone,  Essex  limestone, 
and  Sexton  Creek  (^Brassfield)  limestone. 

TBB  QIRARDBAV  LIME8T0SB 

Orcurrence  and  straligraphic  relations. — The  name  Cape  Girardeau 
limestone  was  given  to  the  formation  by  Shumard  in  1855,  from  Crtpo 
(lirardeau,  Missouri,  near  which  town  the  strata  are  well  exposed.  The 
shortened  form  of  the  name  has  been  adopted  for  this  formation. 

The  Girardeau  limestone  is  present  only  in  the  south  part  of  the  area 
under  consideration  and  is  not  known  farther  north  than  a  few  miles 
above  Cape  Girardeau,  Missouri.  It  is  well  exposed  in  Illinois  near  the 
mouth  of  Orchard  Creek  about  two  miles  south  of  Thebes,  and  in  the 
bluff  of  the  Mississippi  Biver  and  in  some  cuts  along  the  New  Cairo  and 
Thebes  Railroad  for  some  distance  farther  south.  It  also  outcrops  in 
the  bank  of  MissisEippi  River  and  along  the  Chicago  and  Eastern  Illi- 
nois Railroad  1%  miles  north  of  Thebes.  In  Missouri  these  strata  occui 
over  a  small  area  in  Cape  Girardeau  County.  They  are  well  exposed  at 
the  t^'pe  locality,  about  two  miles  north  of  Cape  Girardeau. 

In  some  places  the  Girardeau  limestone  rests  unconformahly  on  the 
Thebes  sandstone  (Richmond),  and  in  other  places  it  overlies  different 
horizons  of  Orchard  Creek  (Richmond)  shale.  The  rocks  of  this  for- 
mation consist  of  dark,  fine-grained,  hard,  brittle  limestone,  in  layers 
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2  to  4  inches  thick.  Thio  lenses  of  hard  calcareous  shale  occur  between 
the  layers  of  limestone;  both  the  limestone  and  ttie  shaly  partings  in 
places  contain  numerous  fossils.  The  total  thickness  of  the  formation  is 
35  to  40  foet. 

Detailed  section. — ^A  representative  section  of  the  Girardeau  limestone, 
exposed  in  the  east  bank  of  Mississippi  River,  S^^  miles  south  of  Thebes, 
Illinois,  is  given  below,  beginning  with  (1)  at  the  bottom: 

Section  of  Strata  2'4  Uilet  South  of  Thebes 

rttt    Id. 
3-S.  Seston  Creek  (BraMQeld)  llmealoDe. 
5.  Red  or  pink  mottled,  flne-grHlned,  brittle  limestone,  In  lajera  8  to 

36  Irn^bes  thick,  contaiulng  many  fossUs 8    10 

4.  Light  grny,  rather  Rne-gralned  limestone,  with  blotches  of  green 
shaly  material  and  many  nodules  of  cbert;  coDtHining  BMck- 

landlnia  tripleslana  and  Triplecia  tyrtoni  var 1      9 

3.   Chert  bands,  2  to  4  incheH  Ihlek.  separated  by  2-  to  3-Inch  layers 

Of  bard.  Impure  llniestone.  without  fossils 9      0 

A  break  In  sedimentation. 
1-2.  Girardeau  IlmeetoDc. 
2.  Dark  colored,  flnc'grelned,  hard,  brittle  limestone,  breaking  with 

conchoidal  fracture,  similar  In  all  respects  to  number  1 15 

1.  Dark  colored,  flne-grained,  hard,  brittle  limestone  lu  layers  2  to  4 
Inches  thick,  separated  by  tbln  partings  of  calcareous  shale, 
and  furnishing  the  fossils  listed  below 18     . . 

In  the  foregoing  section  the  two  lower  members  represent  the  Girardeau 
limestone  in  its  typical  development,  having  at  this  place  a  thickness  of 
33  feet.  The  succeeding  strata,  members  3  to  5,  inclusive,  belong  to  the 
Sexton  Creek  (Bra-isfield)  limestone,  the  two  formations  being  separated 
by  a  sedimentan'  hiatus.  The  Edgewood  strata  which,  north  of  Thebes, 
appear  below  the  Sexton  Creek  limestone,  are  not  present  in  this  locality. 

The  species  of  fossils  obtained  from  the  Girardeau  limestone  are  listed 
below : 

Fo»iiil»  from  the  Oirardcau  Limestone  in  Illinoia  and  mttourt" 

Arch<Bocrinuii  pp.  Schuchertella  mi«»OHricngi»  (Shu- 

Ptychocrinus  splendent  (S.  A.  Miller)      man!) 

Tanaorrina*  cf.  typus  W.  and  Sp.  ComuHtes  tncurvu*  (Shumard) 

Nematopor<i<iltemataV]i\i:h  Corniiliteg  tenui»tnata  (Meek  and 

Tiemalopora  ilcllcatula  I'lrli-h  Wortbeo) 

yematop'wa  fraffiUi  Ulrich  Conradella  sp. 

y f  1)1(1  topt}ra  rftrorsa  Ulrlch  Cyclonema  coneellata  T  Hall 

"  The  apwlM  of  foiiBllB  Haled  from  the  (Ilrsrdeau  limestone  and  the  Edgewood  fomm- 
tlon  are  flpired  Dud  described  la  BulletlD  No,  30  of  the  IlllnolB  State  Geologteal  Burrer 
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Caniartttachta  f  (eattnata  Savage  Diaphoroitoma   niasarengia   var.    im- 
Dalmanella  modetta  Savage  tnatara  Savage 

Hotnaoapira  immatura  Savage  ModiolopHt  conciitna  Savage 

Leptatiarhomboidalia  (Wilckens)  Pterinea  formoaa  Savage  * 

lAngulopt  ovata  Savage  Aciaa»pi»  halH  Sbumard 

Frotozeuga  mloocarinaia  Savage  "  Calvti^ene  dubio  Savage 

Rafinetquina  fmcaimata  (Sbumard)  Cyphagpta  Qirardeaaentii  Shxan&rA 

RaftnesguijM  t  ielicatata  Savage  B»crinuru»  deUatdeus  Sbumard 

Bhjmcltotrema  f  UHnoUetuU  8&vttg6  Proelue  princcps  Savage 

The  decided  Silurian  aspect  of  the  fauna  of  the  Girardeau  limestone 
appears  in  the  list  presented  above.  The  post- Richmond  age  of  the 
Girardeau  limestone  is  shown  by  the  fact  that  not  a  single  characteristic 
Richmond  species  has  been  found  in  the  formation,  and  also  by  the  pres- 
ence of  such  Silurian  genera  as  Schuchertella,  Homceospira,  Camarotte- 
chia  (  ?),  Diaphorostoma,  Frotozeuga,  and  Proctus.  The  only  species  in 
the  Girardeau  fauna  that  are  listed  by  Cummiugs  from  the  Richmond 
strata  of  Indiana,  or  that  are  known  to  occur  in  the  JUaquoketa  (Rich- 
mond) strata  of  Iowa  and  Illinois,  are  Leplatna  rhomboidalis  and  Comu- 
Hles  tenuislriata,  neither  of  which  possesses  any  stratigraphic  significance. 

It  should  be  noted  also  that  the  most  abundant  and  characteristic  of 
tne  Girardeau  species,  as  Schuchertella  viissouriensis,  Rafinesquina  ? 
mesicosta,  and  Frotozeuga  sulcocarinata,  continue  upward  into  the  suc- 
ceeding Edgewood  limestone.  Regardless  of  whetlier  the  Richmond  shall 
eventually  be  transferred  from  its  present  position  in  the  Ordovician 
(where  in  the  mind  of  the  writer  it  should  remain)  to  the  Silurian  sys- 
tem, the  Girardeau  limestone  appears  positively  of  post-Richmond  age 
and  clearly  represents  the  earliest  deposits  of  the  early  Silurian  Sea  that 
advanced  into  this  region  from  the  south,  the  epoch  of  submergence  cul- 
minating in  the  Brass&eld  transgression. 

THE  EDOEWOOD  LlUEaTONB 

Occurrence  and  stratigraphic  relations.— The  name  Edgewood  lime- 
stone was  proposed  in  1909'"  for  the  strata  occurring  between  the  Girar- 
deau limestone  and  the  Sexton  Creek  (=Bras3fieId)  limestone  in  south- 
vest  Illinois  and  eastern  Missouri. 

In  1898,  C.  R,  Keyes"  proposed  the  name  Jfoix  oolite  for  the  white 
oolite  bed  outcropping  along  Noix  Creek  at  Louisiana,  Missouri,  and  the 

"Protowuci  has  b«cn  defined  Id  manuscript  by  Dr.  W. 
SUurtui  genuB  of  bracblopods  bivlDg  tbe  gpoeral  cbaracte 
witb  punctate  sbelt*. 

'T.  B.  Bavase:  Amer.  Joar.  8cl..  vol.  iivlll.  December,  1009.  p.  GIT, 

■•C.  El.  Keres:  Froc  Iowa  Acad.  Scl.,  vol.  Ir,  p.  2T. 
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name  Bowling  Green  limestone  for  the  brown  magnesian  limestone  th&t 
is  well  exposed  a  few  miles  farther  west,  in  the  vicinity  of  Bowling  Green. 
Where  the  oolite  is  best  developed,  as  at  Louisiana,  its  fossils  indicate 
that  this  bed  is  the  equivalent  of  about  the  upper  two-thirds  of  the  Edge- 
wuod  limestone  as  exposed  in  the  vicinity  of  Thebes,  Illinois,  and  of  the 
corresponding  part  of  the  limestone  present  near  the  town  of  Edgewood, 
Missouri.  It  represents  a  local  shallow-water  phase  of  sedimentation  in 
this  region  during  only  a  part  of  Edgewood  time.  This  was  recognized 
by  Kcyes  in  the  following  statement : 

"The  oolite  (Nolx)  nppeare  to  be  Bomewtiat  of  a  kical  phase,  but  is  preseut 
uot  only  Id  tlie  vldulty  of  Loulslann,  but  all  tbe  way  to  Payuesville.  a  distaniv 
of  IS  miles.  Ttae  fonuatlon  appears  to  be  represented  elsewbere  In  tbe  vlcln- 
Itf  by  foeslltferous  llmestoDes  tbat  are  not  oolitic." 

The  strata  to  which  the  name  Bowling  Green  limestone  was  applied 
consist  of  about  30  feet  of  brown,  somewhat  massive,  limestone,  the  middle 
and  upper  parts  of  which  contain  few  or  no  fossils,  but  the  lower  1  or  3 
feet  carries  a  fauna  similar  to  that  found  in  the  oolite  at  Louisiana  and 
in  the  upper  part  of  the  fossiliferous  portion  of  the  Edgewood  limestone 
in  the  vicinity  of  Edgewood,  Missouri. 

Inasmuch  aa  the  succession  of  strata  from  the  base  of  the  Edgewood  tu 
the  top  of  the  Bowling  Green  limestone  appears  to  be  unbroken,  it  is  de- 
sirable to  include  all  of  these  strata  under  a  single  formation  name.  For 
this  more  comprehenaive  series  of  deposits  the  term  \oi.x  oolite  is  not 
appropriate,  because  the  oolite  fAx&ae  is  developed  only  over  a  small  part 
of  the  area  of  distribution  of  these  strata,  nor  does  it  anywhere  include 
the  entire  thickness.  Nor  is  the  name  Bowling  Green  limestone  desirable, 
for  it  was  proposed  for  the  limestone  near  Bowling  Green,  Missouri, 
which  represents  only  the  upper  and  mostly  unfossiliferous  portion  of 
the  Edgewood.  On  the  other  hand,  the  name  Edgewood,  as  originally 
proposed,  embraces  all  of  the  strata  between  the  Girardeau  limestone  and 
the  Sexton  Creek  (Brasslield)  limestone  in  this  region.  The  lower  fos- 
siliferous portion  of  the  formation  and  the  overlying  brown,  unfossilifer- 
ous Bowling  Green  phase  are  both  well  developed  in  the  vicinity  of  Edge- 
wood,  Missouri,  while  the  lowest  beds  of  the  Edgewood  are  not  known 
north  of  this  locality. 

For  these  reasons  the  name  Edgewood  limestone  is  retained  as  the  for- 
mation name,  which  includes  all  of  the  strata  in  Missouri  and  Illinois 
between  the  horizon  of  the  Girardeau  limestone  and  the  top  of  the  mag- 
nesian limestone  near  Bowling  Green  and  the  top  of  the  brown  limestone 
overlying  the  oolite  in  Lincoln,  Pike,  and  Ralls  counties,  Missouri,  and 


Digitized  bvGoOgIc 


DETAILS  OP  STRATIGRAPHY  361 

on  the  opposite  side  of  the  river  in  lUiuoiB  and  their  equivalents  elsewhere 
in  the  Misaiesippi  Valley. 

It  will  be  convenient,  however,  to  subdivide  the  Edgewood  into  three 
members,  as  follows:  (1)  The  Gyrene  member,  which  will  include  tlie 
lower,  foBsiliferous  limestone  phase  of  the  formation  below  the  Bowling 
Green  member,  exposed  1  to  3  miles  east  of  Cyrene  and  Edgewood,  in 
Pike  County,  Missouri,  and  about  2  miles  north  of  Thebea,  in  Alexander 
County,  Illinois;  (2)  the  Noix  oolite  member,  which  will  refer  to  the 
local  oolite  facies  of  the  formation,  which  is  the  equivalent  of  a  variable 
portion  of  the  upper  part  of  the  Cyrene  member;  and  (3)  the  Bowling 
Green  member,  which  will  embrace  the  buff  or  brown,  mostly  unfossilifer- 
ous,  limestone  in  the  upper  part  of  the  formation,  corresponding  to  the 
strata  outcropping  near  Bowling  Green,  Missouri. 

The  name  Channahon  limestone  will  be  retained  for  easy  reference  to 
the  strata  seen  only  along  the  Desplaines  River  1  mile  southeast  of  Chan- 
nahon, in  Will  County,  Illinois.  Thia  limestone  is  considered  the  equiva- 
lent of  some  part  of  the  Edgewood  formation,  but  it  can  not  yet  be  corre- 
lated with  any  particular  part  of  this  formation  because  of  the  complete 
isolation  of  the  area  from  other  exposures  of  the  Edgewood  limestone  and 
the  slight  difference  in  its  fauna  from  that  of  the  typical  Edgewood  lime- 
stone in  eastern  Missouri  and  southwest  Illinois. 

Strata  representing  parts  of  the  Edgewood  limestone  are  nearly  coex- 
tensive with  the  distribution  of  the  Alexandrian  series  in  the  States  of 
Illinois  and  Missouri.  The  lower,  fossiliferous  layers  of  the  formation 
(Cyrene  member)  are  present  near  the  river  in  Alexander  County,  Illi- 
nois, and  over  a  considerable  area  in  the  vicinity  of  Edgewood  and  Cy- 
rene, in  Pike  County,  Missouri,  where  they  are  in  places  overlain  by  the 
Bowling  Green  member.  Farther  north,  near  Bowling  Green  and  Mc- 
Cune  Station,  the  Cyrene  member  of  the  Edgewood  is  mostly  absent  and 
the  overlying  Bowling  Green  member  makes  up  the  greater  part  of  the 
formation. 

Detailed  sections. — An  excellent  exposure  of  the  lower  strata  of  the 
Edgewood  limestone  appears  iu  Illinois  along  the  east  bank  of  the  Missis- 
sippi River,  about  1^^  miles  north  of  Thebes,  where  they  occur  in  the 
bottom  of  a  low  syncline  and  occupy  an  old  channel  eroded  in  the  Girar- 
deau limestone  during  the  post-Girardeau-pre -Edgewood  land  interval. 
The  succession  of  strata  at  this  place  is  shown  in  the  following  detailed 
section: 
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Section  expo»ed  ahmg  the  River  \%  Milea  Worth  of  Thebet 

rctt    U. 
4-10.  Edgewood  formation  (C^rene  member). 

10.  Heavy  layer  of  gray,  coarsely  granular  Umefltone,  oolitic  In  tbe 
upper  part,  contalnlog  LpelUa  thebetetiMt,  Rhuncholreta  the- 
betetitU,  Whitfleldella  Wlingsana,  UetapoHcha»  brcvicept  var. 

clMonewh,  and  otber  fowlls 3     6 

S.  Ratber  soft,  gray  sbale,  wltbout  fosalls 1      2 

5.  Dark  gray,  arglllaceoua  limestone  or  calcareoiiit  abate,  In  two 

layers  each  about  6  Incbes  tliiok,  separated  bf  a  2-lnch  part- 
ing of  softer  stale;  tbe  calcareous  layers  contain  the  fos^ls 
Schucherletla  propiniiua,  Whitpeldella  ovoldeii,  and  Dalmanite* 

datiai 1      3 

T.  Rstber  soft,  gray  abale.  wltbout  fomlls 1      6 

6.  Layer  of  somewhat  Qsslle,  flne-gralned,  arslllaceoua  llwetitone 

containing  few  fossils * ]      6 

5.  Layer  of  rather  hard  limestone  bavlng  a  2-incb  band  of  cbert 

at  tbe  top ;  no  fossils  found 8 

4.  Layer  of  conglmnerate  consisting  of  fragments  of  Glrnrdeau 
llmeatone  from  2  to  12  Inches  in  diameter  embedded  In  a 
matrix  of  Sne-gralned  limestone;  In  some  places  this  member 
appears  to  be  composed  of  calcareous  concretions  surrounded 

by  softer,  blulsb-gray  allele 2      6 

A  break  In  deposition. 

8.  Girardeau  limestone:  Hard,  flne-gralned,  brittle,  darli  colored 
limestone,  with  fossils  characteristic  of  tbe  Girardeau  forma- 
tion        i     a 

A  break  In  deposition. 

2.  Orchard  Creek  shale  (Richmond)  ;  Bluish-gray,  calcareous 
sbale,  containing  1-  to  2-lnch  bands  of  shaly,  concretionary 

limestone,  4  to  6  inches  apart 18    . . 

A  break  In  deposition. 

1.  Thebea  sandstone:  Brown  or  chocolate  colored,  rather  fine- 
grained sandstone,  which  weathers  Into  thin  layers 40    .. 

In  the  above  section  the  memberB  4  to  10,  incluaive,  constitute  the 
Edgewood  beds,  as  that  formation  is  seen  at  its  beet  exposure  in  Bouth- 
west  Illinois.  At  this  place  the  Girari^eau  limestone  was  almost  entirely 
cut  out  by  erosion  prior  to  the  deposition  of  the  Edgewood  strata.  A 
thickness  of  13  or  more  feet  of  the  Girardeau  limestone  outcrops  in  the 
river  bluff  a  few  rods  north  of  this  place,  and  masses  of  this  rock,  6  or  8 
feet  in  thickness,  are  also  exposed  along  the  river  bank  a  few  rods  south 
of  tbe  place  where  the  section  was  made.  The  conglomerate  at  tbe  base 
of  the  Edgewood,  number  i  in  the  section,  is  largely  composed  of  frag- 
ments of  Qirardeau  limeston. 

Another  instructive  exposure  of  the  Edgewood  strata  in  this  vicinity  is 
in  an  abandoned  quarry  one-fourth  mite  southeast  of  the  village  of  Gale, 
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about  2  miles  Dorthea^t  of  Thebes.  This  is  in  the  northeast  quarter  of 
section  4,  township  15  south,  range  3  west,  where  the  following  section 
was  made: 

Section  in  abandoneil  Quarrv  One-fourth  Mile  Southeatt  of  Oale 

Feet    In. 
i.  Sexton  Greek  (^Brarafleld)   limestone:  Hard,  gray  limestone,  In 
layers  4  to  8  Incbes  thick.  wlili;li  are  separated  one  from  anotber 

by  2-  to  3-lncb  cbert  bands 11     . . 

A  break  in  aedtmentatlon. 
3.  Gdgewood  formation  (Cyreiie  member)  :  Single  lajer  of  gray,  some- 
what  oolitic  limestone,  containing  small  pebbles  of  cbert    ^  Inch 

to  4  Incbes  in  diameter 10 

A  break  In  sedimentation. 
2.  Orcbard  Creek  shale:  Blulab-grny  calcareous  abate  bearing  1-  to 
2-lncli  bands  of  Impure,  concretionary  limestone  4  to  6  incbes 

apart 8 

A  break  in  sedimentation. 
1.  Tbebes  sandstone :  Brown,  Bne-gralued,  slightly  sbaly  sandstone,  at 

tbe  top  of  wbich  Is  a  hard,  deeply  Iron-stained  zone 0 

In  the  section  given  above  the  single  layer  comprising  the  third  mem- 
ber represents  the  total  thickness  of  the  Edgewood  formation  at  this  plaee. 
It  probably  belongs  to  a  level  &  little  higher  than  that  of  tbe  uppermost 
layer  in  the  preceding  section. 

Strata  equivalent  to  those  of  the  Edgewood  limestone  near  Thebes,  Illi- 
nois, are  well  developed  in  the  vicinity  of  Edgewood,  in  Pike  County, 
Missouri.  Along  the  streams  1  to  1^  miles  east  and  northeast  of  this 
town  the  following  strata  are  exposed : 

Bection  of  Btrata  1>4  ilUfs  Kortlteaat  of  Edgewood,  Miatoari 

2, 3.  Edgewood  limestone.  s'eeX 

3.  Brown  to  yellow  limestone,  with  few  or  no  fossils  (Bowling  Green 

limestone  member) 22 

2.  Brown  limestone.  In  layers  2  to  6  inches  thick,  with  Srhuchertella 
propingua  and  Dalmanitcs  danni  common  In  lower  iwrt  nnd 
Alrvpa  prtemaroiiinUM.  A.  putilla.  and  Dalmanella  edoetcoodetuU 
abundant  in  tbe  upper;  containing  the  greater  number  of  tbe 
fossils  Indicated  in  column  number  2  of  the  table  on  page  305 

(Gyrene  member) S-ll 

A  break  In  sedimentation. 
1.  Orchard  Crertt  shale:  Blnish-Rrny  shale,  with  SIrophomena  rugosa. 

Itoletus  sp.,  and  other  fossils l»-14 

In  a  few  places  in  this  vicinity  tbe  limestone  corresponding  to  number  3 
in  the  foregoing  section  (Cyrene  member)  is  light  gray,  but  usually  its 
color  is  brown.    The  upper  1  or  2  feet  of  this  limestone,  immediately 
XXV— BCU.  OML.  SOC.  Au.,  Tol.  24, 1012 
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below  the  Bowling  Green  member,  contains  a  somewhat  different  fauna 
in  different  localities. 

In  some  places,  as  southeast  of  Edgcwood,  south  of  Clarksville,  and  at 
Louisiana,  the  upper  layer  contains  many  corals,  including  Calapeecia 
favosiioidea,  Claihrodiciyon  vesiculosum,  Favosiles  subelongus,  Lyeliia 
thebesensis,  and  Zaphrentis  subregularis,  together  with  the  form  of  Plaly- 
atrophia  described  by  Foerste  as  P.  dayionejisis,  Whitfieldella  ovoides, 
and  Cydonema  daylonensis.  In  other  places  the  corals  are  mostly  absent 
from  this  layer,  and  its  fauna  consiats  largely  of  species  of  Atrypa,  Cama- 
rotoechia  ?  and  Dal  mane  II  a. 

A  few  miles  north  of  Edgewood,  between  Bowling  Green  and  Watson 
Station,  and  still  farther  north  in  the  vicinity  of  McCune  Station,  the 
Edgewood  limestone  is  represented  by  25  to  35  feet  by  brown,  nonfossil- 
iferous  limestone  (Bowling  Green  member),  at  the  base  of  which  is  a 
band  li^  to  2  feet  thick,  containing  numerous  shells  of  Atrypa  pramar- 
ginalis,  A.  puHlla,  Camarotackut  !*  concintta,  and  Dalmanella  edgewood- 
ensis.  This  lower  fossiliferous  band  corresponds  to  only  the  upper  part 
of  the  Cyrene  member  in  the  section  northeast  of  Edgewood. 

Deposition  of  the  Bowling  Green  limestone  member  is  thought  to  have 
been  initiated  by  a  slight  uplift  of  the  region  bordering  the  west  side  of 
this  basin  in  Lincoln,  Pike,  and  Ralls  counties,  Missouri,  accompanied  by 
a  alight  subsidence  of  the  area  east  of  the  line  of  uplift.  Sedimentation 
appears  generally  to  have  been  uninterrupted  from  the  top  of  the  fossilif- 
erous part  of  the  Edgewood  into  the  Bowling  Green  member.  This  move- 
ment put  a  stop  to  oolite  deposition,  and  so  quickened  erosion  of  the  land 
on  the  west  as  to  increase  the  discharge  of  mechanical  sediments  into  the 
basin,  the  Bowling  Green  limestone  consisting  of  15  to  25  per  cent  of 
very  fine  sand. 

Three  to  6  miles  west  of  Mississippi  Biver  the  limestone,  equivalent  to 
the  upper  layers  of  the  Cyrene  member  near  Edgewood,  passes  with  a 
gradual  transition  into  a  thin  bed  of  gray  oolite  which  thickens  towards 
the  east,  attaining  its  maximum  in  the  vicinity  of  Louisiana,  Missouri. 
A  variable  thickness  of  brown  Bowling  Green  limestone  usually  overlies 
the  oolite,  being  thickest  where  the  oolite  is  thinnest  and  thinnest  where 
the  oolite  is  best  developed.  The  oolite  bed  does  not  increase  in  thick- 
ness at  the  expense  of  the  lower  part  of  the  Bowling  Green  limestone,  but 
where  the  oolite  is  thickest  there  is  represented  a  greater  thickness  of  the 
upper  part  of  the  Cyrene  limestone  member. 

There  is  given  below  a  section  of>  the  strata  exposed  in  the  south  bank 
of  Noix  Creek,  at  Louisiana,  Missouri,  where  the  oolite  bed  has  its  great- 
est known  development : 
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Section  along  yolx  Creek  at  LouUUma,  MiMourt 

Fact 

3.  Dpi>er  Oevoniati  ahale:  Dark  colored  flesile  ebale,  witb  few  foBBlls 3 

A  break  In  sedimentation. 
2.  Bdgewood  limeetone  (Noix  oolite) :  Llgbt  gray  oolite,  to  three  layers. 
coDtalning  tbe  grexter  number  of  the  fossils  indicated  in  column  3  of 

the  table  on  page  365 8 

A  break  In  sedimentation. 
1.  Orchard  Creek    sbale:    Bluish   to  greenisb-Krar  sbale,    witti  lew  or 

no  fossils 0 

Tbe  Bowling  Green  limestone  is  absent  at  the  place  where  the  above 
section  was  made,  but  3  to  4  feet  of  this  limestone  is  present  above  the 
oolite  less  than  1  mile  west,  and  6  to  S  feet  of  the  Bowling  Green  lime- 
stone overlies  the  oolite  at  the  mouth  of  Buffalo  Creek,  I14  miles  south- 
east of  Louisiana. 

As  is  common  with  oolite  faunas,  the  shells  in  the  oolite  at  Louisiana 
are  usually  distinctly  smaller  than  those  of  corresponding  species  from 
the  limestone  that  is  not  oolitic.  They  are  often  so  silicified  that  perfect 
specimens  of  even  the  smallest  forms  can  be  obtained  by  dissolving  the 
limestone  with  weak  acid.  Tbe  fossils  from  the  oolite  at  Louisiana  an; 
indicated  by  a  cross  to  the  right  of  the  name,  in  column  3  of  the  table 
given  below.  A  cross  opposite  the  name  in  column  3  of  the  table  shows 
that  the  species  was  found  in  the  Gdgewood  limestone  near  Edgewood, 
Missouri,  while  a  cross  opposite  the  name  in  column  1  indicates  the  pres- 
ence of  that  species  in  the  Edgewood  limestone  near  Thebes,  Illinois. 

Comparative  Table  of  Fo»»il»  from  the  Edgeicood  Lime*tone 

Localities:  Column  1,  near  Thebes,  Illinois;  column  2,  near  Bdgewood,  Mis- 
souri ;  column  3,  Noix  oolite  near  Louisiana,  Missouri 

(1)  (2)  (3) 

Calapacta  favoHtoidea  Savage X  X  X 

CaMnta  edgetcooiemU  Savage. X 

Clathrodiett/on  vetlculMum  Nlcbolsen  and  Murle X  X  X 

Favo»ite»  lubelongttii  Savage X  X  X 

Balyaites  catenulatua  Llnmeus X 

Lvellla  thebegenaU  Foerste X  X  X 

Zaphrentig  cf .  ambieva  Savage. X  X  X 

ZaphrentU  tubregularin  Savage X  X  X 

ZaphrentU  cf.  »toke»i  Edwards  and  Halme X  X  X 

Alrypa  pramarginalU    (SnvHge) X  X  X 

Atrypa  putilla  (Hall  and  Clarke) X  X  X 

AtTTfpa  tubulMriata  Savage X  X  X 

Brachvprion  itropheodontotdes  Savage X 

Brachvprion  latiiavipttlis  Savage. X  X 
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(1)       (2)  (3) 

Cauiiirotfcchiar  anHqua  Savage X        X 

Canutrotaxhiat  concinna  Savage, X        X  X 

dorindaT  thehesensts  Savage ?         X 

DalmmieUa  edffewoodcn»i«  Savage X         X  X 

HindeHaT  ambisua  Savage X         X 

Homteoapira  Pacellostriata  Savage X 

Homteospira  aubdrcularis  Savage . .         X  X 

Leptiena  rhotnboidalia  (WUckeae) XXX 

OrthU  flabeUilh  var.  patipUcata  Foerste. X 

Peniamcrvs  parvuliie  Snvafie X 

Flatvttropkia  daytonensia  Foerste X        X  X 

FntOieuga  tulcor.arinata  Savage X 

RafinetQuinaf  wealcntta  (Sbumard) X        X  X 

RefineiquinaT  vicsicosla  var.  mesiiMa  Savage. X 

lihipidomella  (enuilincata  Savage . .        , .  X 

RhVnchoneUaf  janea  BlIlingB X         X 

RKynchotreta  parva  Savage X         X  X 

Rhynchotreta  thebesemit  Foerste X        X  X 

Rhvncltotreta  thifbesentig  var.  multiatriata  Savage x 

Bchttchertella  cf.  mUivurienais  (Shumard) X 

Sctiuchertella  tnissouriensis  var.  convexa  Savage . .        , .  x 

SchacJiertella  propinqua  (Meek  and  Worthen) x        X  X 

Bptrifer  {Delthurtu)  Bp X 

Whitfieldclla  6Hitno«ana   ( M.  and  W. ) X         X 

Wkitfleldetla  ovoidea  Savage X        X  X 

WkUfleldella  gpecioaa  Savage X        X  X 

Bellerophon  oonsimilia  Savage X        X 

Bellerophon  ot.  exlgum  Foerate X        X  X 

Bucanla  sp X 

Ovclonema  daytoneniU  Foerste X        X  X 

Hiaphorostama  niagarenaii  {^tWi XXX 

Bolopca  mlnata  Savage X 

Hormotoma  tenero  Savage X         X  X 

LiotpiTa  cT.  offlne  Foerste. X 

Lopliosptra  faaciata  Savage X  X 

Lophoapira  Ihebvaemit  Savage X         ■  ■  X 

Poleumita  bellasculpUlia  Savage. X 

Btraparollvs  pumills  Savage X 

Colpomya  abrupta  Savage x  X 

Otenodonata  Kiibelliptica  Savage. X 

CypricardMn  subguadrata  Savage . .        . .  X 

Fterinea  thebeamsig  Meek  and  Worthen X        X  X 

Dawaonocerax  cf.  tenuitincatum  Savage. X 

Ovphaspia  Intnrmedia  Weller X        X  X 

DalmanitBa  danai  Meek  and  Worthen X        X  ? 

Itotelua  longwvus   Savage . .         X 

Sfetapolicliaa  brcviceps  vat.  cllntoneneis  Foerste x        X  X 

Proetut  (fetem\<natiiK  Foerste v         X  X 
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The  close  similarity  of  the  fossils  from  the  different  Edgewood  locali- 
ties compared  in  the  above  table  leaves  no  doubt  of  the  general  equiva- 
lence of  the  strata  from  which  they  came.  The  oolite  bed  at  Louisiana 
( Noix  oolite  member)  is  equivalent  to  about  the  upper  two-thirds  of  the 
Cyrene  member  of  the  Edgewood  limestone  as  developed  near  Thebea, 
Illinois,  and  east  of  Edgewood,  Missouri. 

East  of  Louisiana  the  oolite  bed  becomes  thinner,  ao  that  where  it  ap- 
pears in  the  Mississippi  bluff  on  the  Illinois  side  of  the  river,  10  miles 
east  of  Louisiana,  a  thickness  of  about  3  feet  is  present.  In  these  more 
easterly  exposures  of  the  bed,  in  Pike. and  Calhoun  countii'S,  Illinois,  the 
lower  part  of  the  oolite  present  at  Louisiana,  Missouri,  is  absent  and  the 
bed  is  overlain  by  12  to  16  feet  of  brown  Bowling  Green  limestone,  which 
is  in  turn  followed  by  the  Seston  Creek  (Brassfield)  limestone. 

Near  the  south  margin  of  the  area  of  outcrop  of  the  Alexandrian  strata 
in  northeast  Illinois,  in  the  east  bank  of  the  Kankakee  River,  Sf^  miles 
below  Custer  Park,  there  is  exposed  a  bed  of  iron-stained  oolite  3^  feet 
thick,  which  is  thought  to  be  the  equivalent  of  the  Noix  oolite  in  Missouri 
and  western  Illinois.  It  rests  on  Maquoketa  shale  and  is  succeeded  by 
G  to  9  feet  of  brown  limestone,  resembling  the  Bowling  Oreen  member, 
which  is  in  turn  followed  by  the  Sexton  Creek  (Brassfield)  limestone. 

The  oolite  development  appears  to  be  restricted  to  the  north  and  east 
parts  of  the  area  of  the  Edgewood  limestone  bordering  the  Mississippi 
River  and  to  the  south  side  of  the  area  of  Alexandrian  rocks  in  north- 
eastern Illinois. 

The  Ckannahon  limestone  member.— la  the  northeast  Illinois  area  the 
Channahon  limestone  member  of  the  Edgewood  limestone  ia  exposed 
along  the  south  bank  of  Des  plaines  Biver,  about  1  mile  southeast  of  the 
village  of  Channahon,  in  Will  County.  This  limestone  also  underlies  the 
sar6cial  materials  over  a  limited  area  on  the  north  side  of  the  river.  A 
section  of  strata  exposed  at  the  former  lorality  is  as  follows : 

Section  of  Channahon  Limeiitone  near  Channahtm,  IlJtnolg 

'  FMt     In. 

3.  Dark   grfly   t.^   hrowii.    nillier  Une-eriiiiied.    Imimre    limestone   In 

layers  3  to  6  Int-lips  thiok.  <-ontaliilnK  tunny  foMi[lfi 1      6 

2.  Dnrk  colored  llniextone.  ronRlslliif:  of  a  flue- grained  miitrtx  lu  wblrb 
are  embedded  niiniei-ous  s-lniptp  comis,  bexEdea  Lfpla'iia  rhombol- 
ilali*.  Srhticlicrtrlla  riirritlriala.  I'tfrlnca  clegann.  Mrtapolwhaa 
ffrrlsi,  and  other  rowlln 2      fi 

1.  FiDe-gralned.  yellowlnIvKTRy.  lni»li)iite<I  sandstone,  without  tosnUa, 

to  the  level  of  the  water  In  tbe  river 5 

In  the  above  section  there  is  no  apparent  unconfnrmity  between  the 
different  members,  although  the  lithology  of  the  sandstone  at  the  base  ia  ■ 
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markedly  difFerent  from  that  of  the  orerlying  limestone,  and  the  numer- 
ous corala  occurring  in  the  second  member  are  abnent  from  the  upper  bed. 
The  contact  of  these  rocks  with  the  Mai^uoketa  shale  below  or  with  Silu- 
rian limeetone  above  can  not  be  seen  at  the  place  where  the  section  was 
made.  However,  early  Silurian  strata  thought  to  represent  some  part  of 
the  Sexton  Creek  (Brassfield)  limestone  are  exposed  a  fefr  rods  east  of 
this  place  at  a  level  only  a  few  feet  higher  than  the  top  of  the  uppermost 
mfHnber  of  the  section.  A  blue  plastic  shale,  that  doubtless  belongs  to 
the  Maquoketa,  outcrops  in  the  bank  of  the  river  about  one-half  mile 
farther  east  at  an  altitude  slightly  above  that  of  the  top  of  the  section. 
In  the  vicinity  of  Hillsdale,  where  the  contact  of  the  lower  layers  of 
Silurian  limestone  with  the  underlying  Maquoketa  shale  is  well  exposed, 
the  Channahon  limestone  is  absent. 

The  Channahon  limestone  furnished  the  fossils  listed  in  the  left-hand 
column  below.  In  the  colnmn  on  the  right  are  given  the  names  of  the 
species  from  the  Edgewood  limestone  in  Missouri  and  Alexander  County, 
Illinois,  that  are  nearly  related  to  the  respective  Channahon  forms. 

Companttive  Table  of  FoskU* 


ZaphrentU  ambtpua  Savage 
ZaphTontii  aubrcguiaris  Savage 
Zaphrenti»  8toke»i  Edwards  innd 

Halme  ? 
Atry pa  f  ap. 

Dalmanelta  elegantula  var. 
Leptxna  rhomboidalia  (Wllckena) 
Llngnlopg  illinolsentii  Savage 
Pholidopa  subellipUca  Snvage 
Rhipidoniella  hybritla  (Sowerby) 
Rhi/nclwtreta  leptda  Snvage 
Rhpnchotreta  intermedia  SnvHge 
Echuchertella  ciirriglrtata  SnvDf-e 
Whilfietdclla  acuminata  Snvnge 
Whitfletdelta  ovoidct  Snvnge 
CaUtmema  priitina  Savnge 
Cyctantma  d<i«tonen*i»  Fncrstp 
Dtaphoroitima  Ulinoitenniii  Snvng? 
Ftertnea  elegam  Savage 
DatcMHOCeriu  tenuilinealum  Savnge 
CyphatpU  intermedia  Weller 
MetapoUchat  ferri»i  Weller 
Proetut  chanttaboneimiK  Weller 
Leperditta  UHnoisensi»  Savage 


lUlnoll 
Zaphreritln  ambigua  Savage 
Zaphrentis  aubregitlaris  Savage 
Zaplirentis  utoketl  Edwards  and 

naime 
AtTvpa  pulllla  ( Hull  tind  Clarke) 
Dalmanella  edgetroodeMit  Savage 
Lept<Enarhomb<iidaUa  (Wllckens) 


Rhynctiotreta  parva  Savage 
Rhyncholreta  thebeten^is  Foerste 
Sehurherlella  propinqua  (M.  and  W.I 
WhitfieldeaabiUimigana  (M.andW.) 
WhitflcldcUa  oroidet  Snvflge 

CyclonFiiia  daulonentin  Foerste 
Dinpboroiloma  niagarcnfi*  Hnll 
rtcrlnca  thchmenMii  M,  and  W. 
natr*oniKeraii  of.  tenuilineatum  Savapp 
Cypha^piit  iniermeiUa  Weller 
Jlrtapolichan    ftrrricep*    v«r.    rllnt'in- 

eniis  Foerste 
ProeliH  tielcrmlnattta  Foerste 
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While  the  correspondence  of  the  respettixe  apeciea  of  fossils  compared 
from  the  two  areas  is  not  identical,  yet  the  differences  between  many  of 
them  are  slight.  The  fauna  of  the  t'hannahon  limestone  is  more  closely 
related  to  that  of  the  Edgewood  formation  than  to  any  other  known 
fatma. 

It  is  thought  that  the  strata  in  the  two  areas  represent  about  the  same 
period  of  deposition,  and  that  the  diPferences  in  the  fossils  are  largely  due 
to  local  diSereDces  in  the  marine  environments  of  the  faunas  in  the  re- 
spective regions. 

TUB  BBHEX  LI^ESTOME 

Occurrence  and  relation  to  other  alrala. — The  Essex  limestone  includes 
the  strata  outcropping  along  Horse  Creek,  I14  niiles  east  of  the  town  of 
Essex,  in  Kankakee  County,  Illinois.  It  occupies  a  position  above  the 
Edgewood  limestone  and  below  the  Sexton  Creek  (Brassfield)  limestone. 
Detailed  section. — The  character  of  the  Essex  limestone  is  shown  in  the 
following  detailed  section : 

Section  of  Esgex  Limeitlone  near  Esuex,  Illinois 
3.  Bexton  Creek(BniHsQeld)lliue)ttonp:  Yellowish- brown,  much  weathered 
mamee  of  mafciieslfin  limestone  contnlnlug  nodules  and  maaoes  of 

chert   bearing  Fentanietrlln  f  niaimienHit  and  other  fossils 314 

1,3.  Emex  llDiestoae. 
2.  Yellowish- brown,  tbln  bedded.  inoRneNliin  llniextone.  In  layerR  3  to  5 

Inches  thick,  witli  numerous  fossils B^A 

1.  Rather  hard,  bluish  rolored.  shtily  llniesloue.  In  layers  2  to  6  Inches 
thick,  exposed  above  the  level  of  low  water 2. 

The  contact  between  the  members  2  and  3  in  the  above  section  is  not  so 
clearly  exposed  that  the  presence  or  absence  of  a  depositional  hiatus  be- 
tween them  could  be  certainly  determined.  Farther  south,  in  Pike 
County,  Missouri,  and  Calhoun  County,  Illinois,  PenlamereUa  ?  manni- 
ensis  is  a  guide  to  the  basal  layers  of  the  Sexton  Creek  (Brassfield)  lime- 
stone. Hence  the  upper  limestone,  number  .3  of  the  ,«oction,  is  referred  to 
the  Sexton  Creek  formation.  The  fauna  of  the  Essex  limestone,  num- 
bers 1  and  2  of  the  section,  has  not  been  recognized  farther  south  in  Illi- 
nois and  Missouri,  where  this  limestone  ha-s  probably  been  cut  out  by  pre- 
Brassfield  erosion.    The  species  are  listed  below: 

FiixbIIs  from  thr  Enitrx  LliiWHloiir " 
Favoeilet  cf.  niagarensls  Ilnll  Rhynrhotrctn  tlifhe'etinlr  Foerste 

Baiggitei  calenulalun  Linn  fichuckcrlrlla  sp. 

ZopArc ntl«  sp.  Hrhucbi'ilrlln  cf.  nuJyfilana  (Ponrnd) 

■The  BpeclM  of  roaMlB  from  Ihf  Empi  and  thi-  Huton  <'rpf'k  llniMtonM  will  he  Bfpired 
iDd  dncrlbed  In  n  talpr  pnprr  deallnB  with  (he  atratltiraphy  nnd  pHlivnlolog]'  ol  theM 
tormkttoDS,  now  la  preps n Hop. 
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Atrj/pa  marfflnalit  (Dalman)  Slrophonella  np. 

Atrypaputilla  (Hall  and  Clarke)  WhitfleMellaot.cj/Undticaaatt 

Atrypaep.  Whitpeldellaup. 

CamarotiBchia  near  acinus  Hall  Betlerophon  ap. 

Camorotcechia  t  cHttoneiiMs  Foerste  cf,  Cj/ctora  oKa 

Daimanella  elegantula  var.  Conularia  ap. 

OypldiUa  ep.  Diaphorogtama  ep. 

Leptanarhomboldalin  (Wilckeos)  Pleurotomaria  pp. 

Lowonemoap. 

RMpldottiella  hvbritia  (Sowetby)  ilytilarco  ct.  niytiUformlg  (Hull) 

Rhunchotreta  Icpida  Savape.  ModioloptU  ap. 

Blipnchotrita  ilmplex  Foerste  Plerinea  ap. 

Of  the  fosailB  of  the  Eesex  limestone,  Atrypa  putilla  and  Rhyncho- 
treta  thebesensis  are  coininon  Edgewood  speciea  that  are  not  known  in  the 
higher  Sexton  Creek  (Brassfield)  limestone.  Abundant  also  in  the  Esses 
limestone  are  Camarotcechia  f  cUflonfnsis.  Rhynchotreta  simplex,  and 
other  species  that  have  not  been  found  in  the  Edgewood  limestone  of 
Missouri  and  Illinois,  but  which  occur  in,  or  more  probably  immediately 
below,  a  limestone  containing  Brassfield  fossils  in  western  Tennessee. 

The  strata  below  number  1  of  the  section  could  not  be  seen  at  this 
place,  and  60  rods  farther  down  the  creek  a  thickness  of  14  feet  of  Ma- 
quoketa  shale  is  exposed  with  no  overlying  limestone. 

The  Esses  limestone  is  thought  to  represent  a  distinct  formation,  al- 
though its  contact  with  the  overlying  Sexton  Creek  limestone  is  not 
clearly  exposed.  Later  studies  may  show  that  it  should  be  regarded  as  a 
member  of  the  latter  formation.  It  occurs  below  the  Pentamerella  f 
manniensis  horizon,  which  farther  south  in  Illinois  and  Missouri  marks 
the  basal  layers  of  the  Seston  Creek  limestone,  and  are  separated  from 
the  Bowling  Green  member  of  the  Edgewood  limestone  by  a  sedimentary 
break.  The  Essex  limestone  is  thus  seen  to  be  younger  than  the  upper- 
most Edgewood  strata  and  older  than  the  basal  layers  (containing  Penta- 
merella t  manniensis)  of  the  Sexton  Creek  limestone  of  Missouri  and 
Illinois. 

THE  SEirO.V  CREEK  IBRAllHFIEI,D^    I.ISESTOKE 

Occurrence  and  relation  to  olhrr  .tinz/ a.— The  name  Sexton  Creek 
limestone  was  taken  from  Sexton  Crock,  in  northwest  Alexander  County. 
Illinois,  along  which  stream  those  rocks  are  well  developed  and  exposed. 
These  strata,  which  are  considered  the  equivalent  in  time  of  some  part 
of  the  Brassfield  east  of  the  Cincinnati  axis,  overlap  the  Edgewood  lime- 
atone  on  the  east  and  north  in  the  Mississippi  Biver  region  and  tn  the 
south  and  east  in  northeast  Illinois.  They  probably  transirres^ed  the 
Edgewood  strata  over  all  the  area  of  its  distribution,  but  on  account  of 
greater  uplift  along  the  west  part  of  the  Mississippi  River  area  in  post- 
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Sexton  Creek  time  these  strata  have  been  denuded  from  a  considerable 
part  of  eastern  Missouri. 

Detailed  sections. — The  lower  layers  of  the  Sexton  Creek  limestone, 
containing  Pentamerelia  f  manniensis,  are  present  south  of  Clarksville, 
in  Pike  County,  Missouri,  and  across  the  Mississippi  River  near  Belle- 
view,  Illinois.  The  Sexton  Creek  limestone  is  well  developed  in  Calhoun 
and  Pike  counties,  Illinois,  as  shown  in  the  following  section  of  strata 
exposed  in  the  vicinity  of  Hamburg  and  Pleasant  Hill: 

Section  of  strata  in  the  Vicinity  of  Hamburg,  IlUnolg 
5.  Middle  Devonian  (lown  Hamilton)  limestone:  Coane-gralaed,  gray 
llmestoue.  contaluing  Spirifcr  ioicfnaii  and  other  fossils  of  tbe 

Iowa   Hamilton 4 

A  loDg  break  In  deposition. 
4.  Sexton  Ci-eek  (BrnssBeld)  limestone:  Hard,  gray  limestone  In  layers 
6  to  30  Inohes  thiok.  containing  tbe  greater  number  of  fossils 

listed  In  column  Dumber  1  of  the  table  on  page  372 48 

A  brcal:  in  deposition. 
3.3.   Edgewood  llntestone: 
3,  Yellow  io  brown  llmestoue  which  od  weathering  breaks  Into  thin 
sinbH  In  nn  alnK>st  vertlcnl  dlre<:tion  ;  fossils  few   (Bowling  Qreen 

member)     16 

2.  Light  gray  oolite  containing  fossils  similar  to  tbose  In  the  middle 

parts  of  the  oolite  at  Louisiana,  Missouri  (Notx  oolite  member). .     3^ 
A  break  In  deposition. 
1.  Maquoketa  or  Orchard  Creek  ebale:  Bluish,  plastic  sbole.  without 
fossils,    exposed T 

The  basal  layers  of  the  Sexton  Creek  limestone  in  this  region,  both  in 
MiBsouri  and  Illinois,  are  marked  by  numerous  shells  of  Pentamerelia  f 
i»annien)tis  Foerste  and  a  species  of  Pentamerus.  A  narrow  zone,  18  to 
20  feet  below  the  top  of  the  formation,  contains  Rhinopora  near  verru- 
cosa, Stricklandinia  triphsiona,  SIricklandinia  n.  sp.,  and  Triplecia 
orloni.  The  upper  10  feet  of  this  limestone  furnished  SyringoHfes  cf. 
kuronensis  and  Spirifer  radiatus.  The  fauna  of  the  Sexton  Creek  lime- 
stone in  this  vicinity  is  shown  in  the  table  of  fossils  on  a  later  page. 

In  northeast  Illinois  the  Sexton  Creek  limestone  is  thought  to  be  pres- 
ent over  a  considerable  area  in  Will  and  Kankakee  counties.  A  succes- 
sion of  strata  very  similar  to  that  described  in  the  last  section  occurs 
along  the  east  bank  of  Kankakee  River,  3  to  -i  miles  below  Custer  Park, 
in  Will  County,  as  shown  in  the  section  given  below: 

Section  nf  Strata  along  Kankakee  River,  below  Custer  Park 

Feet 
4.  Sexton  Creek  fBrnsi-fteld)  limestone:  Hard,  gray,  rather  massive 

limestone,  wntaining  many  fossils  nt  certain  levels 18-28 

A  probable  break  In  deposition. 
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2,3.  Bdgewood  limestone  ?  PmI 

3.  Yellow  to  brown,  earthy  llmenone.  witb  few  or  no  foaslls 44 

2.  Reddleb'brown,  iroa-Malned  oolite  (Noiz  oolite  member  ?) 3^ 

A  break  In  sedlinentatlaa 

I.  MaqtKiketa  Hbale:  Blnisb'graj'.  pinstic  sbale.  with  no  fossils 4-S 

In  the  upper  part  of  the  SextoD  Creek  limestone  exposed  at  this  place 
is  a  layer  containing  Clathropora  cf.  frvndoaa,  Rhtnopora  near  verrtt- 
coaa,  Slricklandinia  iripUsiana,  Stricklandinia  n.  sp.,  and  Triplecia 
ortoni,  which  corresponds  to  the  layer  containing  similar  foesiJs,  and 
occurring  18  to  20  feet  below  the  top  of  the  Sexton  Creek  limestone  in 
the  vicinity  of  Hamburg. 

In  the  following  table  of  fossils  a  cross  in  column  1  opposite  the  name 
indicates  that  the  species  was  found  in  the  Sexton  Creek  limeEtooe  in  the 
vicinity  of  Hamburg  and  Pleasant  Hill,  white  a  corresponding  cross  in 
column  2  shows  that  the  species  was  obtaired  from  the  Sexton  Creek 
limestone  below  Custer  Park : 

FottOa  from  the  Berton  Creek  Limettone 

Near  Nur 

Bkmhar(>iid    CuMrlVrk, 

(1>  (2) 

Ctathrodictptm  vcticulotunt  NIeh.  and  Mnrle x  X 

Diphvphyltum  aetpitoBvm  Hall X 

Favotileg  favotua  Goldfuss. X  X 

Salyiitet  cntenufaf hi  Linnieus X  X 

LyeUla  sp X  X 

Bvfi'iUoUtet  cf.  huronen»U  HInde. X  X 

Syrinoopora   sp. X  X 

ByrinffOitromo   sp X  X 

rftecfa  sp J X  X 

ZapftrentU  sp X  X 

Callopora   ep X  X 

Clathropora  cf.  fnmdota  Hall X 

Rhinopora  near  ferrucosa  Hall X  X 

Rhinopora  sp X 

Atrypa  marginalU  (Dalman) X  X 

Atrj/pa  rcticulari*   (Llnnieus) X  X 

Camarottechia  actntu  var.  oonvexa  Foerste X 

Camarotaxhia  np X 

Clorinda    f  sp X  X 

Palmane.lla  elcgantala  (Dalman) X  X 

Dalmanella  sp X  X 

Leptana  rhmboidalU   (Wllckens) X  X 

OrthU  flahelllieii  Foerste X  X 

Pentatncrut  oblongut  Sowerby X  X 

Pentameriui  rp X  X 

Platiintmphia  rlayloventiit  Foerste X 
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<1)  (2) 

Ptatyntrophia  reveraala  Foerste. X  X 

Piectambonilfg  cT.  tramrrrsalin  vnr.  elepaniula  Foenite x  X 

Bcbuchertelltt   up X 

i^pirifer  radiatus  Sowerby X 

fitrlcklandinia  Mplctlana  Foerste. X  X 

fUrirklandinia  sp X  X 

atrnpheodiinta  ap X 

Sti-apltoaella  piMrlata  Foerste X  X 

Slroplwnetla  rt.  tiiemerl  Foerste X 

Triplccia  ortoni  Meek X  X 

Whltfieldella  up. X 

Dtaphoriiiiioma  nlagarpime  (Hall) X  X 

AmphicfrUa  pt.  leidyi  Hall X 

DairKonoaeroK   sp X 

Orlhocenis   sp X  X 

Bronlrus  aramus  Hall X  X 

CfTQuru*  cf.  niai/arcnsis  Hnll X  X 

Encrinurus   sp X  X 

llUrniis  omhifiuut  Foerste X  X 

lUiraut  cf.  <laiil0Hrn«^»  Foerste X 

lU(m«»  mailiJiortiainiii  WhUBeld X  X 

JKirn-un    pp X  X  , 

In  the  above  list  the  greater  number  of  fossils  to  which  no  specific 
names  are  given  are  new.  The  similarity  of  the  faunas  of  the  Seston 
Creek  limestone  in  the  vicinity  of  Hamburg  and  below  Cnster  Park  along 
the  Kankakee  River  indicates  that  the  strata  at  the  two  localities  are 
equivalent. 

The  presence  in  the  Sexton  Creek  limestone  of  such  characteristic 
Brassfield  (species  as  Clalhropora  cf.  f random,  Rhinopora  near  verrucosa. 
Camarottpchui  acivii^  var.  rojifera,  Stropkonella  filistriata,  Stricklan- 
dinia  tripleniana  and  Tripfcia  ortoni  indicates  that  the  Sexton  Creek 
limestone  in  the  Mississippi  A'^alley  represents  about  the  same  general 
period  of  deposition  aw  the  Brasstield  limestone,  east  of  the  Cincinnati 
axis,  in  Ohio. 

General  Conclusions 

It  should  be  notetl  that  the  fauna  of  the  Sexton  Creek  limestone  in  the 
Mississippi  Valley  lacks  several  sjwdes  that  are  present  in  the  Brasafield 
limestone  in  Ohio,  such  as  Parln/dirh/a  hifiircata.  Phcenopora  magna, 
Cnmarottechia  f  srobina.  Dalmaniies  wertkneri.  and  Cyphaspis  cHnionen- 
*M.  A  number  of  fossils  not  fonnd  in  the  Brassfield  limestone  east  of 
Ihe  Cincinnati  anticline  are  present  in  the  Sexton  Creek  limestone  of 
Illinois  and  Missouri,  among  which  are  CnUojtora  n.  sp„  Rhinopora-  n.  sp., 
PenlameruK  ohiongm.  Sfiirifer  radiatm.  Sirirklnndinid  n.  sp,,  Amphi- 
eceliact.  leidyi,  and  Bronleus  araniii.i. 
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Although  the  basin  in  which  the  Sexton  Creek  limestone  of  the  Mis- 
eieeippi  Valley  region  and  the  Brassfirfd  limestone  of  the  Ohio  region 
are  both  thought  to  have  had  a  southward  sea  connection,  the  difference 
in  the  faunas  of  this  time  in  the  two  areas  is  interpreted  as  indicating 
the  presence  between  them  of  a  land  barrier  (the  enlarged  Cincinnati 
anticline),  extending  sufficiently  far  to  the  south  to  prevent  the  easy 
migration  of  the  organisms  into  this  localized  basin,  in  which  there  de- 
veloped a  somewhat  provincial  fauna. 

For  this  basin  connecting  southward  with  the  wider  sea  of  the  Ten- 
nessee and  Arkansas  region,  in  which  the  Alexandrian  strata  in  Illinois 
and  Missouri  were  laid  down,  the  name  Illinois  basin  is  here  proposed. 
This  basin  is  thought  to  have  been  a  northwardly  extending  embayment 
and  a  distinct  area  of  sedimentation  during  the  time  of  deposition  of  all 
of  the  strata  in  this  region  from  the  beginning  of  the  Thebes  sandstone 
to  the  end  of  the  Sexton  Creek  limestone. 

During  Alexandrian  time  the  Illinois  basin  had  a  widely  open  tj'pically 
marine  southern  connection  with  the  Gulf  region,  and  from  the  Tennes- 
see area  another  bay,  known  as  the  BraHsiield,  extended  widely  east  of  the 
Cincinnati  axis,  in  Ohio  and  Kentucky.  The  early  Silurian  sea  gained 
access  to  the  Illinois  and  Missouri  region  earlier,  and  probably  continued 
later,  than  in  the  region  east  of  the  Cincinnati  axis.  Several  of  the 
genera  and  a  number  of  the  species  of  fossils  that  occur  in  the  Brassfield 
limestone  in  Ohio  were  introduced  a  little  earlier  into  the  Illinois  basin, 
appearing  in  late  Edgewood  strata.  In  the  upper  part  of  the  Sexton 
Creek  limestone  there  are  a  few  species  that  do  not  appear  east  of  the 
Cincinnati  axis  until  post-Brass  field  time. 

In  the  fauna  of  the  Edgewood  limestone  there  can  be  recognized  an 
element  that  was  derived  from  that  of  the  Girardeau  limestone,  and  in 
the  Sexton  Creek  fauna  there  appears  a  still  larger  element  that  wa< 
present  in  the  earlier  Edgewood  limestone.  The  Alexandrian  series  in 
the  Illinois  basin  is  thus  shown  to  consist  of  a  number  of  closely  related 
early  Silurian  formations  which  record  a  succession  of  oscillatory  n()rth- 
ward  sea  advances  that  are  seemingly  separated  one  from  another  hv 
sedimentary  breaks  due  to  temporary  sea  withdrawal.  The  earliest  of 
these  invasions,  represented  by  the  Girardeau  limestone,  was  the  least  ex- 
tensive. The  deposits  of  each  succeeding  invasion  reached  farther  north 
and  were  spread  more  widely  than  those  of  the  preceding,  the  cycle  of 
early  Silurian  sedimentation  in  this  region  culminating  in  the  Sexton 
Creek  submergence. 

The  relations  of  the  Alexandrian  formations  above  described  are  shown 
in  the  following  composite  section : 
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Generalized  Skction  of  the  Alezandeian  Strata  in  Missouri  and 
Illinois 
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A  break  in  sedimentation. 


4c.  Li^ht  grtty,  hard,  thick-bedded 
limestone,  with  SypngalUa  cf. 
huronengit  and  Spirifer  Tadiatiu,' 
10  feet  in  Calhoun  and  Pike 
counties.  Fink  limestone,  28 
feet,  in  Alexander  County,  Illi- 
nois   lOU 


I     E     jl     o            46.  Li^ht  gray,  hard  limestone;  fo«- 
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g  a  ■    J                      StToyhon^lajUUtrialo.Strictland- 
■—     '                      in  io    tripUsiaiia,    Strir.kiiindinia 
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mon about  10  feet  below  the 
top,  about  


4a.  Light  gray  limestone  containing 
Pentameretla  f  nuimiientU  and 
Pentamnut  ap i^ 


A  possible  break  in  the  depositio. 
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Past  I.  The  Pacts 

ISTRODVOTOar 

At  the  last  meeting  of  the  Society  I  read  a  brief  paper  setting  forth 
tbe  general  correlatione  of  the  several  faunas  of  the  Eastport  quadrangle.* 

■  PobUibed  br  paralnlOD  ot  the  Director  of  tbe  United  States  (leologleal  Banrey. 
HuDacrtpt  ncelTed  bj  tbe  Secretair  ot  the  Bociet7  January  IB,  1013. 

■  CotrelaUoaa  o(  tbe  Paleoiolc  faanu  ot  the  Baitport  quadraDile,  Maine.    BnlL  Q«ol. 
Soc  AMUica,  TOL  2S,  1911,  pp.  MB-8Se.    I11I7  IS,  1B13. 

XXn— BdiiL.  Oaob  Soc.  Am.,  Tol  S4,  IBia  (377) 
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During  the  past  year  Mr.  E.  S.  Baatin  has  been  preparing  the  maps 
for  the  fotio  and  I  have  been  at  work  on  the  fossils.  The  folio  is  now 
ready  for  publication.  In  the  paper  above  referred  to  I  designated  the 
several  faunas  by  numbers.  Names  have  now  been  agreed  on  for  the 
Several  formations  from  which  the  faunas  were  derived  to  be  used  in  the 
folio  as  follows: 

Fauna  number  I  is  from  the  Quoddy  shale  of  the  folio.     (Bottom.) 

Fauna  number  II  is  from  the  Dennys  fonnation. 

Fauna  number  III  is  from  the  Edmunds  formation. 

Fauna  number  IV  is  from  the  Pembroke  formation. 

Fauna  number  V  is  from  the  Eastport  formation. 
'    Fauna  number  VI  is  from  the  Perry  formation  (already  named  by 
Smith  and  White).    (Top.) 

Briefly  stated,  the  first  five  of  these  formations  belong  to  the  Silurian 
system  of  the  New  York  section,'  and  the  sixth  (Perry  formation),  sepa- 
rated by  unconformity  from  those  l>elow,  is  correlated  with  the  Catakill 
and  Chemung  of  the  Upper  Devonian.* 

To  indicate  the  correlations  more  specifically,  I  have  prepared  a  chart 
which  expresses  the  relations  I  think  the  faunas  of  the  Eastport  quad- 
rangle bear  to  the  New  York  and  English  sections  as  classified.  The 
position  of  the  names  and  the  cross-lines  will  indicate  what  I  regard  the 
relations  to  be.  Thus  I  regard  the  Pembroke  and  Eastport  to  be  succes- 
sive faunas  representing  the  English  Upper  Ludlow  and  Downtonian. 
The  Pembroke  is  probably  not  older  than  the  Rondout,  but  the  fauna  is 
not  represented  definitely  in  the  New  York  section,  and  the  Eastport  is 
certainly  distinct  from  anything  reported  either  in  Silurian  or  Devonian 
of  New' York. 

The  Edmunds  is  closely  related  to  the  Dennys  fauna  and  their  order 
of  sequence,  is  as  shown  on  the  chart.  I  think  the  Edmunds  fauna  repre- 
sents the  English  faunas  from  the  Wenlock  shale  to  the  Aymestry,  in- 
clusive, but  shows  closest  affinities  with  the  Wenlock  limestone  and  shale. 
It  is  apparently  not  expressed  in  the  New  York  section,  but  its  affinities 
there  are  almost  as  close  with  the  Cobleskill  as  with  the  Rochester ;  hence 
I  think  it  represents  the  formations  from  the  Rochester  to  the  Cobleskill, 
inclusive. 

The  Quoddy  is  older  than  the  Dennys;  it  is  an  entirely  different  fauna 

•  HarRiBgtl :  CImulOullaii  of  tbe  grologle  foriutJoDa  of  the  State  9t  New  Tork.  New 
Xork  atata  MuBenia.  Handbook  19.  ApHl,  1912,  table  S. 

•Smith  and  Wblte:  Geolocy  of  tbe  Pcrrr  Bailn  In  •ontheaBteni  lUlUe.  D.  B.  QtO- 
logical  Buirer,  Prof^nHlonal  Paper  No,  3S,  1900,  p.  83. 
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from  the  OBwegan  aDd.it  ie  Silurian  and  not  Ordovician;  hence. I  place 
it  at  the  {rattom  of  the  Silurian ;  it  is  evidently  Lower  Wenlockian.  It 
beara  affinities  with  the  New  York  Niagaran,  and  that  is  about  as  much 
oa  can  be  a^nned  at  present  as  to  its  relations. 


New  York 

(after  Hartnagel, 

1912) 

Maine 

(11.  a  Williams, 

1912) 

(after  K.  Etheridge, 

less) 

Chemtaig  and  Catskill 

Peny 

Devonian 

X     X     X     X     X 
X     X     X     X     X 
X     X     X      X     X 

(Absent) 

Devonian  or  old  red  sand- 
stone 

Eastport 

fMantiuB 

^■y"8°"iCoble8kiil 
LSalina 

Pembroke 

Temeslde 
Upper  Ludlow 

Lud- 
low 

Edmunds 
Dennys 

Aymeatry 
Lower  Ludlow 

SUoriM 

fGuelph 
Lockport 
«;-_,-„    Clinton    (in- 
Niagaranl    „|^m„     ^ 

cheater  shale 
I  at  top) 

Wen  lock  limestone 

Quoddy 
(not  younger 
than   Win- 
lock  Bhale) 

WenJock  shales         Wen- 

Oav^n 

Medina     (in- 
cluUing 
Oneida  con- 

Woolhope                      lock 
Upper  Llandovery 

Ordovician 

Mohawkian 
Canadian 

Lower  Llandovery 
Canidoc  or  Baia 
Llandeilo 

So  far,  there  is  little  difficulty  in  establishing  the  general  relationship 
of  the  faunas  to  well  knowa  faunas  in  the  fonnations  of  New  York  and 
other  points  of  the  North  American  continent. 

The  difficulties  arise  when  the  attempt  is  made  to  establish  precise 
time-relations  between  these  fonnations  of  the  Eaetport  area  and  those 
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of  the  New  York  standards  outcropping  only  a  few  hundred  miles  south- 
west of  them. 

In  order  to  avoid  the  vagneneflfl  which  would  i«8ult  from  on  attempt 
to  cover  the  whole  series  of  the  faunas  of  the  Eastport  quadrangle,  I  will 
restrict  the  present  discussion  to  the  details  of  one  of  the  faunas — ^that 
is,  the  Edmunds — and  in  giving  the  facts  regarding  the  Edmunds  fauna 
I  will  refer  only  to  those  species  which  have,  aft«r  an  exhaustive  study  of 
the  whole  fauna,  proven  to  be  of  chief  significance  in  solving  the  prob- 
lems involved. 

In  making  exact  correlations  in  this  part  of  the  geological  column,  as 
paleontologists  well  know,  the  Brachiopods  are  more  abundantly  repre- 
sented and  more  frequently  met  with  in  various  parts  of  the  world,  and 
have  been  more  thoroughly  described  and  illustrated  than  any  other 
group  of  organisms.  Therefore,  when  questions  of  stratigraphic  range 
and  geographic  distribution  are  concerned,  Brachiopods  furnish  at  least 
one  of  the  most  satisfactory  statistics.  For  this  reason  I  will  here  con- 
fine attention  to  Brachiopods,  simply  stating  that,  so  far  as  the  evidence 
is  at  hand,  the  conclusions  reached  are  confirmed  by  the  other  classes  of 
invertebrates  represented. 

QSSKSA.L  aORRELATIOS  OF  TBK  KDMVNDB  FAVHi. 

In  correlating  the  fauna  of  the  Edmunds  formation  I  found  31  species, 
including  several  classes  of  invertebrates,  identifiable  with  species  already 
described  in  literature.  Of  these  16  are  listed  in  Etheridge's  British 
Paleozoic  fossils,'  and  all  of  them  are  reported  from  the  Wenlock  lime- 
stone. All  except  the  coral,  Turbinolopnt  bina  Lonsdale,  are  recorded 
from  the  Wenlock  shales,  and  the  exception  is  listed  in  each  of  the  local 
divisions  of  the  Wenlock  series  except  the  Wenlock  shales,  and  it  extends 
below  as  far  down  as  the  Caradoc  and  as  far  up  as  the  Aymestry  limestone 
of  the  Ludlow. 

Three  of  these  do  not  appear  above  the  Wenlock  limestone,  namely, 
Monomerella  woodwardi,  Rhynchotreta  cuneaia,  and  Rhpushonella  bore- 
alis.  Below  the  Wenlock  shales  16  appear  in  the  Woolhope  next  below 
and  14  (with  one  doubtful)  in  the  Upper  Llandovery,  still  lower,  and  12 
of. them  appear  below  the  Silurian  boundary  in  the  Lower  Llandovery, 
Caradoc,  and  4  as  low  as  the  Llandeilo. 

Above  the  Wenlock  shales  12  appear  in  the  Lower  Ludlow,  11  (and 
one  doubtful)  in  the  Aymestry,  and  4  in  the  Upper  Ludlow.  The  evi- 
dence thus  far  seems  to  warrant  the  conclusion  that  the  Eidmnnds  fauna 
is  a  Wenlock  fauna,  and  is  most  nearly  related  to  the  fauna  of  the  WHd- 

•  B.  Btberldge ,-  roMili  of  tbe  BrlUib  IiUlidi,  p.  1.    PiXtomOe,  18W. 
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lock  limestone  and  the  shales  underlying  the  Wenlock  limestone  of 
England. 


Examination  of  species  listed  by  Hall  in  1862  from  the  Kiagara  group 
(Paleontology  of  New  York,  volume  ii)  shows  a  list  of  18  Brachiopods 
at  that  time  regarded  by  Hall  as  either  identical  or  closely  related  to 
Wenlock  species  of  the  English  section.  Later  investigations  have  re- 
sulted in  calling  some  of  them  specifically  distinct.  In  the  list  of  species 
of  the  fanna  of  the  Rochester  shale  recently  prepared  by  C.  A.  Hartnagel, 
8  of  them  are  definitely  recognized  and  3  others  are  sufQciently  close  to 
be  regarded  for  correlation  purposes  as  representatives  of  the  same  fauna, 
namely : 

Pholidopa  aqtiamiformit  Hall  =  P.  imbricata  Sowerby. 

A  irypa  Indentata  Hisinger. 

Atrypa  plicatetla  7  Hall  =  Bfty.  Borealis  Schl,  (Davidson). 

All  of  these  11  species  of  Brachiopods  of  the  Rochester  shale  are  listed 
from  the  British  Wenlock  limestone  and  also  from  the  Wenlock  shale. 
Two  of  them  (Spirifer  gulcatua  and  Rhynchonella  boreaJis)  do  not  ap- 
pear above  the  Wenlock  limestone.  Below  the  Wenlock  shales  8  of  them 
appear  in  the  Woolhope  limestone,  8  (with  one  donbtful)  in  the  Upper 
Llandovery,  and  7  of  them  range  below  into  the  Ordovician  or  Lower 
Silurian,  namely,  7  in  the  Lower  Llandovery,  4  in  the  Caradoc,  and  2  in 
the  Llandeilo.  Above  the  Wenlock  limestone,  8  appear  in  the  Lower 
Ladlow,  4  and  1  doubtful  in  the  Aymeatry,  and  3  in  the  Upper  Ludlow. 
Here  again  the  correlation  is  clearly  with  the  Wenlock,  and  by  the  evi- 
dettce  of  identical  Brachiopods  aloiie  the  Wenlock  shales  and  the  Wenlock 
limestone  contain  the  same  number  of  species. 

OOMPARieolt  or  THB  8DMVSD8  ASD  ROOBKBTBR  FAVSiB 

Thus  by  their  identical  transatlantic  species  the  Edmunds  fauna  of 
Maine  and  the  Rochester  shale  fauna  of  New  York  are  both  found  to 
represent  the  Wenlock  fauna  of  England.  But  on  direct  comparison  of 
the  Edmunds  and  Rochester  it  appears  clear  that  they  are  not  identical 
faunas. 

.-Confining  our  attention  now  to  Brachiopods  exclusively,  we  find  6  of 
the  transatlantic  species  of  the  Edmunds  fauna  also  appear  in  the  Roch- 
evter  fauna,  namely,  Pholidops  implicata,  Dalmanella  tlegantula,  Rkipi- 
domella  kybrida,  Leptana  rhomhoidalis,  Spirifer  crispus,  and  Atrypa 
retiet^iuit. 
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In  the  Rocheeter  faunft  are  listed  3  transatlantic  species  not  detected 
in  the  Edmunds  fauna,  namely,  PUctambonites  transversalis, '  Spirifer 
sttlcatns,  and  Spirifer  radialus,  two  of  which  do,  however,  appear  in  the 

underlying  Dennys  formation  of  the  EaetpoH  district. 


The  Edmunds  fauna  contains  7  transatlantic  species  not  recognized  in 
the  Rochester  shale,  some  of  which  are  known  to  appear' in  higher  forma- 
tions of  the  New  York  section.  Aa  these  7  species  are  particularly  sig- 
nificant for  this  discussion,  the  following  list  is  presented : 

Monomeretia  iroodteardt  Sailer.  Peutameritn  galeatua  .Dalman. 

Lftplottrophia  flioga  Sowerby.  l/rrlsllnn  tumUa  Dalman. 

Stritpltonclla  euglupha  Ilielnger.  WUtoiila  tciltont  Sowert?. 
Strophonella  funiculata  McCoy. 

Restricting  our  attention  to  these  7  significant  Brachiopods  of  the  Ed- 
munds fauna,  the  question  arises  what  is  their  relationship  to  the  trans- 
atlantic series  of  formations?  In  making  this  comparison  I  will  select 
the  standard  Wenlock  section  of  Shropshire,  situated  in  the  center  of 
England,  of  the  faunas  of  which  a  very  full  and  detailed  study  was  made 
by  Mr.  George  Maw,  and  the  exact  range  and  frequency  of  individuals 
of  each  species  of  Brachiopods  was  listed  by,  Davidson  in  his  "Supple- 
ment to  British  Silurian  Brachiopods."  * 

In  that  section  the  beds  are  more  finely  divided  stratigraphically  than 
in  the  more  familiar  funeral  section  of  England  and  Wales.  The  stratig- 
raphy of  the  Shropshire  section  from  above  downward  is  as  follows : 

PHsaue  Ifeda  (Linley  Brookl "X 

.    Upper  Lodlow V  collecMvely,  1,200-I,*)0 

Aytiiestry  limestnrie ) 

Sliales  over  the  Wenlock  liinestone 100 

Wenlock  limestone , , ,  80-     90 

Upper  Wenlock  BhHlMlTukwoodbedflt »»-   500 

Middle  Wenlock  eUa,\e>t  (CoHlbrookdale  beds) 100-],COO 

Ixiwer  Wenlock  shales  (ItiiiliiwHS  be>la) 00-    100 

Basement  beils,  or  IlutlilwHs  Pnrk  beds.    Lowest 

Wenlock  shales 500-   MO 

Upper  Llandovery 160-    170 


Wenlock  series. 


Five  ofithc  7  Edmunds  species  are  Hated  from  the  Wenlock  limestonej 
the  3  (Lepfoxtrophia  filosa,  Strophomena  eugtypha,  and  Strophonella 
funiculata)  rare,  and  the  other  2  {Pentamerus  galeatus  and  SSeriatina 


■  British  SIlnrlBD  Bncblopoda,  SupplcniMil,  18S2,  pp.  72-74. 
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tumida)  common.  The  remainiog  2  species  are  not  repreaented  by  name 
in  the  Wenlock  limestone  of  this  section,  but  their  Bpeciiic  characteristics 
are  recognized  in  the  fauna,  as  shown  by  the  following  statement: 

Dinobolus  [Monomerella)  davidsoni  Salter  (of  which  Davidson  re- 
garded M.  woodwardi  Salter  as  a  variety)  is  listed  by  Davidson  in  the 
Shropshire  section  from  the  Wenlock  limestone.  The  variety  wood- 
wardi is  the  form  recognized  in  the  Edmunds  fauna.  This  variety  {M. 
woodwardi  Salter)  is  reported  in  the  Woolhope  district  farther  south 
from  the  Wenlock  limestone  by  Salter.  WilMtiia  sphteroidalia  McCoy  iff 
re^rded  by  Davidson  as  a  small  variety  of  WiUonia  wilsoni  Sowerhy, 
(See  British  Silurian  Brachiopods,  page  170,  where  it  is  called  Rhyn- 
ckonelia  wilaoni  var.  spharoidalis  McCoy.)  In  the  Shropshire  section 
R.  sphmroidalis  is  very  rare  in  the  Buildwas  beds  or  Lower  Wenlock 
shales  and  common  in  the  (Tickwood)  Upper  Wenlock  shales  and  in  the 
Wenlock  limestone,  and  Rhynchonella  wilaoni  is  marked  "common"  in 
the  shales  overlying  the  Wenlock  limestone  and  in  the  Lower  Ludlow, 
Aymestry,  and  Upper  Ludlow.  In  the  Malvern,  May  Hill,  and  TJsk  dis- 
tricts, farther  south,  R.  vnlsoni  is  reported  by  Salter  from  the  Wenlock 
limestone. 

Thus  it  appears  that  the  7  Brachiopods  by  which  the  Edmunds  fauna 
ie  distinguished  from  the  Rochester  fauna  occur  in  the  typical  Wenlock 
limestone  of  England,  though  2  of  them  are  restricted  to  its  southern 
extension.  None  of  them,  moreover,  have  a  range  downward  in  the 
Shropshire  section  farther  than  the  Tickwood  beds  immediately  under- 
lying the  Wenlock  limestone  except  Merintina  tumida,  which  is  marked 
"very  rare"  in  the  Lower  Wenlock  shales  (Buildwas  beds),  while  4  of 
them  range  upwaH  into  tfie  Lower  Ludlow,  3  into  the  Aymestry,  and  2 
into  the  Upper  Ludlow  of  this  same  section. 

Again,  all  of  them  are  distributed  southward  in  the  Wenlock  beds  of 
the  aouthem  English  and  Welch  districts. 

Following  the  Wenlock  beds  northward  into  North  Wales  and  southern 
Scotland^  the  rarity  of  any  one  of  these  7  species  is  conspicuous;  For 
instance,  the  list  of  the  Silurian  fossils  of  the  south  of  Scotland  in  the 
collections  of  the  Geological  Survey  of  Great  Britain^  records  from  the 
Wenlock  limestone  only  Wkitfieldia  tumida  and  Rhynchonella  wthoni  of 
this  list  of  7  significant  Brachiopods  from  the  Edmunds.  It  includes, 
however,  the  following  species,  which  are  typically  Wenlock  species: 
PhoKdopg  implicata,  Ct/rtia  erporrecta,  Phctambonites  tran/iversalis. 
Nvdiospira  pisum,  BUohiies  bUoba.  Dalnianella  elegantvla,  Spirifer  sul- 
TUemoIra  of  tbe  Oeolosleal  Survej  ot  Qr*»l  Britain,  vol.  1,  Hcotlsnd,  18SS. 
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catvs,  several  of  which,  as  has  before  been  mentioned,  do  not  belong  to 
the  Sdmunds  fauna,  but  do  belong  to  the  Rochester  shaje  fauna  of  New 
York. 

BDMUSna  BPgCIBB  IN  THE  QOTLAVD  SBCTIOH 

Following  the  distribution  of  Wenlock  species  from  England  eastward 
to  the  Gotland  section,  we  find  all  of  the  7  significant  Edmunds  species 
listed  from  the  "Medel  Gotland"  formation  by  Lindatrom.* 

It  is  to  be  noted  regarding  this  Gotland  section  that  the  fauual  and 
stratigraphic  sequence  has  been  more  fully  determined  by  later  studies. 

Hedetrom,  in  his  review  of  the  Silurian  for  the  Internationa)  Congress 
of  1910,  showed  that  there  are  in  the  Gotland  section  two  separate  hori- 
)sons  at  which  Pentamervs  galeatus  appears.  In  the  Lower  GotUndian, 
"Lower  Cliff  level  number  II"  of  Hedstriim,  Pentapierus  galeatus  ap- 
pears with  Dinobolus  davidaoni,  Atrypa  imbricata,  Rhynchonella  hon- 
alts,  cuneata,  spkarica,  Orthis  hiloba,  0.  hybrida,  Spirifer  plicaietla,  and 
Plectambonites  transversalis,  thus  combining  the  Edmunds  and  Bocb- 
ester  peculiar  species  as  in  the  English  Wenlock.  In  the  highest  zone, 
"zone  VII"  (called  by  Hedstrom  "genuine  Upper  Ootlandian"),  Penta- 
merus  galeatus  is  again  recorded  in  connection  with  such  other  spteies  as 
Orthis  ehgantula,  Spirifer  plicatella,  Rkynchonella  v>ilso»i,  and  it  in- 
cludes also  HtUysites  cafenularius;  but  this  fauna  does  not  contain  the 
characteristic  species  Plectambonetes  transversalis,  Rhynchonella  cuneata, 
or  Orthis  bilopa  of  the  Rochester  shale. 

TBX  BOHBUJAS  FAVNA  «■ 

In  the  fauna  E^  of  Barrande,  from  Bohemia,  we  find  the  following 
British  Wenlock  species  definitely  recognized  by  name : 

Atrypa  Hnimatn  Bucb.  RctgUi  barrandd  Davidson. 

Atrvpa  mamlnaUs  Dnlm.  Rhynrhonrlla  cuneata  Dalui. 

Alrvpa  reUcttlaria  Llnn^.  RhtKhonella  deflexa  Sow. 

CyrUa  exporrecta  Wahl.  Hpirlfrr  gulcatv*  His. 

Lepttena  tran»ver»aH»  Wabl.  dtmphomena  eiigtvpha  Bis. 

Meriitella  tutnida  Dalm.  f^'i-ophomeita  funUjutata  HcOoy. 

OrthU  elegantvta  Dalm.  fitrophomena  pecten  Llnn6, 

Pentamerua  Hnffulfer  Sow.  Stmphomena  rtuimboUatis  Wll<^ 

Besides  these  a  large  number  of  species  of  the  genus  Spirifer,  given 
new  names  but  belonging  to  the  group  of  the  Radiati,  both  the  plicate 
and  the  non-plicate  forms,  such  as  in  England  are  called  Spirifer  radia- 
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tua^  and  Spirifer  pUcatella.  There  are  .also  several  epeciee  under  specig^ 
names  tbat  represent  forms  called  Spirifer  criapua  and  Spirifer  elevattu 
in  the  Eoglish  Wenlock. 

Pentamerus  gaUaivs  DalmaU  is  recognized  in  the  Bohemian  section, 
but  it  does  not  appear  till  the  fauna  F',  and  though  nninerons  closel; 
related  forms  of  Rhynchonella  are  figured  under  special  names,  Bhyn- 
choneHa  wilsoni  Sowerby  is  not  listed  till  fauna  F*. 

It  would  lead  us  too  far  afield  to  discuss  the  Barrgndean  species,  but 
sufficient  evidence  is  given  in  the  species  named  to  show  that  in  the  Bo- 
hemian fauna  E*,  as  in  the  Wenlock  faunae  of  England,  are  found  asso- 
ciated in  the  same  fauna  species  which  are  separate  in  the  two  North 
American  Niagara  faunas,  namely,  the  Rochester  and  the  Edmunds 
fgunas. 

.     TBB  PODOLIAS  FAVVAB  ,,> 

Turning  still  farther  east  and  south  to  the  government  of  Podolia, 
Russia,  we  discover  the  conditions  described  below,  as  expressed  in  the 
faunas  of  the  three  zones  of  Silurian,  called  I,  II,  and  III  in  Wenju- 
kow's  paper.* 

His  zone  I  is  correlated  with  the  Wenlock  shale  of  England,  the 
Mergelschiefer  und  sandstein  of  Gotland  (c),  and  E  e*  of  Bohemia.  It 
cootains  Orthia  elegantula  and  hybrida,  Bilobitea  biloba,  Leplcena  trant- 
veraalia,  Strophomena  rhomboidalis,  Strophonella  euglypha,  Atrypa 
reticularis,  Spirifer  criapus  and  elevatvs,  Cyrtia  exporrecta,  Whitfieldia 
lumida,  Pentamerua  galeatus,  Rhynckonella  apkarica. 

Several  of  these  species  occur  also  in  the  zone  II,  which  is  correlated 
with  the  Wenlock  limestoiie,  Lower  Ludlow,  and  Aymestry  of  the  Eng- 
lish section. 

The  species  Ortkis  elegantula,  Strophomena  rkomboidalia,  Chonetes 
striatella,  Atrypa  reticularis,  Spirifer  elevatus,  Spirifer  cmpwa,  Penta- 
merus  gtUeatua,  and  Rhynchonella  wilaoni  continue  upward  to  the  zone 
III,  which  is  made  the  equivalent  of  the  Upper  Ludlow  and  reaches  np 
to  &una  F*  of  the  Bohemian  section. 

What  is  noticeable  in  this  section  is  the  absence  of  the  plicate  forms 
of  the  radiate  apirifers;  the  prominence  of  forms  of  the  Spirifer  ele- 
vatua-criapua  type;  the  absence  also  of  the  Spirifer  sulcatua.  A  form 
very  closely  related  to  Strophonella  funiculata  McCoy  is  named  by  Wen- 
jakow  Strophonella  aemiovalis. 

Here  is  evidence  of  the  predominance  throughout  this  section  of  the 


■  T.  Wenjnkow :  Die  Fkana  der  fillarlicben  AblaicningeD  dei  OoaTcmmenn  Fodaliea. 


Di„i6.db,Googlc 


<S06  H.  8.  WILLIAMS CORRELATION    PROBLEMS 

particular  combination  found  in  the  Edmunds,  with  lees  evidence  of  the 
Wetiloct  fobiis' peculiar  in  the  Rochester  fauna  of  New  York. 

eOMMARV.  or  TBE  FACTS  Ojr  OORRBLATlOg  ,  , 

.  I  have  now  presented  enough'  of  the  facts  to  niElke  dear  the  probteins 
to  which  I  wish  to  call  attention. 

The  faunas  of  the  Bochester  ehale  of  New  York  and  the  Edmunds 
formation  of  Haine  dtfTer  considerably  in  composition,  but  a  close  cwn- 
pariso^  of  the  particular  species  of  each  shows  that  each  of  them  finds 
its  nearest  correlate  in  the  British  Silurian  at  the  same  horizoti,  namely, 
ttie  Wenlock  limestone  and  immediately  underlying  shales. 

BxaUiInation  of  the  species  distinguishing  these  two  faunae  shows  that 
the  peculiar  species  of  the  Rochester  fauna  have  closer  afifinity  in  the 
English  section  with  the  faunas  helow  the  Wenlock,  and  the  pecnllsr 
species  of  -the  Edmunds  show  closer  affinity  with  faunas  wbjtdi  foHote-  the 
Wrailock. 

,  Tb^  hypothesis  suggested  by  the  facts  is, that  there  are  here  concerned 
two  faunas  wbicb  are  found  on  this  side  the  Atlantic  in  separate  areas'oP 
distribution,  but  in, England  are  blended  together  in  the  typical  Wenlock 
district.      , 

.Tlfls  Jiypothesis  s^eniB  to  be  supported  .by  the  increasing  dominance  of 
the  Edjnunds  group  of  species  in  the  Gotland  distriotuRnd  the  conspicu-. 
ouB  decrease  in  importance  of  the  Rochester  group  of  species  still  farther 
east  and  south  in  Podolia ;  also  by  the  very  alight  expression,  of  the  Ed- 
munds group  of  species  anywhere  on  the  North  American  (x>otiAent. 

It  will  bie  noticed  that  the  correlation  of  the  Edmunds  and.  Rochester, 
faunas  with  the  transatlantic  Wenlock  is  established  on  statistical  evi- 
dence of  identical  species. 

The  hypothesis  of  the  distinctness  of  the  Edmunds  and  Rochester 
faunas  is  based  on  the  statistics  of  range  and  distribution  of  the  species, 
namely:  • 

Certain  species  common  to  the  Edmunds,  Rochester,  and  transatlantic 
Wenlock  faunas  are  notably  of  long  range  below  and  above  the  Wenlock 
and  of  wide  distribution. 

The  transatlantic  Wenlock  species  found  in  the  Rochester  and  not  in 
the  Edmunds  fauna  are  conspicuous  for  ranging  lower  in  the  series 
rather  than  higher,  for  holding  on  in  the  nori;hern  extension  of  the 
Wenlock  of  Great  Britain,  and  for  becoming  less  conspicuous  in  the  far 
east  European  distribution.  On  the  other  hand,  the  peculiar  species 
common  to  the  Edinunds  and  Wenlock  faunas  are  conspicuous  for  their 
higher  rather  than  lower  range  in  North  America,  England,  and  south- 
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em  Europe,  and  for  their  conspicuous  appearance  in  the  Silurian  ihunas 
of  England  and  Gotland,  Bohemia  and  Podolia,  but  thei^  kbsence  from 
the  corresponding  Silurian  faunas  of  interior  America,  thoiigb  having 
representation  in  several  cases  in  faunas  of  recognized  higher  Iwrizons. 

Thus  fat  the  conclusions  reached  seem  to  rest  on  what  we  may  regard 
as  established  facta,  the  certitude  of  which  can  be  verified  by  examination 
of  the  specimens. 

When  we  go  further  and  attempt  to  interpret  the  presence  or  absence 
of  certain  so-called  identical  fossils  into  time-relations  of  the  formations 
containing  them,  and  still  further  try  to  reconstruct  from  them  the  geog- 
TBpby  of  the  earth's  surface  at  some  particular  stage  of  geological  time, 
we  are  obliged  to  bring  in  assumptions  which  do  not  find  their  verifica- 
tion in  observed  characters  of  the  fossils,  but  are  based  On  biological 
hjrpotheses  and  even  metaphysical  conceptions  we  have  been  accustomed  . 
either  to  neglect  or  take  for  granted  rather  than  examine  with  the  same 
care  we  devote  to  identification  of  species. 

It  is  to  these  hypotheses  and  assumptions  that  I  particularly  wish  to 
call  attention  in  what  follows : 

Part  II.  Problems  ikvoltbd  in  cohhelatinq  Fobbil  Paonab    ' 

OENERAL    CONBIDBRATlOHa 


A^at  has  previously  been  said  concerns  the  observed  facts  in  the  case. 
In  the  present  discussion  I  will  ask  you  to  take  it  for  granted  that  they 
are  correctly  stated,  because  for  the  purposes  of  this  paper  a  hypothetical 
case  would  serve  as  well  as  a  real  one,  provided  the  conditions  assumed 
were  all  natural  and  in  accordance  with  observed  facta.    - 

The  chief  purpose  I  have  in  writing  this  paper  is  to  call  attention  to 
the  rather  remarkable  number  of  inferences  we  are  accustomed  to  draw 
in  framing  our  ideas  in  paleontology,  stratigraphy,  aqd  paleogeography, 
which,  though  they  appear  to  rest  on  what  we  regard  as  established,  ob- 
served facts,  may  have  very  little  or  no  logical  connection  with  them,  or 
may  be  so  loosely  or  so  irrationally  applied  as  to  render  the  conclusions 
nnsound  or  positively  false. 

The  case  is  like  this:  I  have  examined  the  fossils  taken  from  the  Ed- 
munds formation  of  the  Eastport  quadrangle,  Maine,  and  listed  them 
under  scientific  names.  Whenever  I  could  find  a  name  which  had  been 
already  applied  to  the  characters  observed  in  species  of  the  Edmunds 
fauna  I  used  it.  If  new  characters  were  discovered  I  have  described  the 
form  unCer  a  new  name.  In  making  comparison  with  the  fossils  of  for- 
mations already  described,  I  have  used  what  may  be  called  the  statistical 


Digitized  bvGoOgIc 


;j88  H.  8.  WILLIAMS COBRELATION   PROBLEMS 

method,  which  I  presume  paleontologists  in  general  use  in  determining 
correlation,  of  formatione.  In  my  case  I  have  adopted  several  rulee  whi^ 
I  rugard  u  of  prime  importance,  namely :  1 1 

1.  To  establish  correlation  between  two  fossil  faunas  it  is  essential  to 
bring  into  comparison  identical,  not  closely  related  species. 
.  2.  It  is  essential  in  listing  the  species  of  a  fauna  to  include  only  those 
ffpevies  which  are  actually  found  associated  together  in  the  same  stratum 
in  ^he  same  locality,  or  when  several  local  faunules  are  combined  only 
tb^pse  local  faunulee  may  be  liat^  together  that  have  combined  enou^ 
of  the  same  species  to  certify  that  ^hey  are  samples  of  the  »ame  fauna. 

This  precaution  is  required  to  eliminate  such  difFerences  as  m^;  arise 
by  alternation  of  one  or  more  faunas  in  the  same  general  fonpia^ion,  or 
by  change  in  the  original  envvpnmental  condition  often  expressed  by 
differences  in  the  lithological  constitution  of  the  sediments,  or  by  differ- 
ences arising  from  geographical  distribution. 

Other  rules  may  have  been  applied,  but  these  two  are  essential  if  we 
expect  to  reach  precision  in  correlation. 

Having  in  this  way  built  up  a  list  of  the  contents  of  the  Edmunds 
fauna  of  Maine,  in  order  to  apply  the  same  rules  in  the  transatlantic 
fauna  compared,  I  found  the  tjrpical  Wenlock  series  of  England  is  ex- 
pressed in  the  Shropshire  section,  as  reported  in  Davidson's  Supplement 
of  British  Fossil  Brachiopods,  which  has  been  treated  with  the  same  kind 
of  precision  so  far  as  Brachiopods  are  concerned.  This  is  taken  as  the 
standard  of  comparison  for  the  English  sections.  In  making  comparison 
with  the  general  Niagara  fauna  of  the  country  I  have  used  the  fauna  of 
the  Rochester  shale  of  New  York  as  the  standard  of  comparison. 

In  applying  the  statistical  method  I  have  adopted  the  following  rules: 

3.  To  establish  correlation,  species  of  the  same  class  must  be  com- 
pared. In  the  present  case  the  class  of  Brachiopods  are  used  because  the 
statistics  regarding  that  class  have  been  most  thoroughly  elaborated. 

4,  The  particular  horizon  in  the  standard  section  with  which  equiva- 
lence is  found  in  the  compared  section  is  determined  by  the  number  of 
identical  species. 

Thus  in  the  case  before  us,  comparing  the  Edmunds  fauna  with  the 
general  Silurian  faunas  of  Great  Britain,  I  found  18  species  identical 
with  species  of  the  transatlantic  Silurian;  17  of  them  are  listed  in  the 
Wenlock  limestone  and  shale,  3  do  not  appear  above  the  Wenlock  lime- 
stone, 16  appear  in  the  Woolhope,  14  and  1  doubtful  in  the  Upper  Llan- 
dovery, 12  appear  in  the  Ordovician,  namely,  in  the  Lower  Llandovery 
and  Caradoc,  and  4  as  low  as  the  Llandeilo.    Above  the  Wenlock  18  ap- 
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pear  in  Lower  Ludlow,  11  and  1  doubtful  in  Aymestry,  and  4  in  TJpper 
Ludlow. 

ThoB  1)7  tbe  statistical  method  the  EdmnndB  fauna  is  correlated  witt\ 
the  genenl  Wealock  limestone  and  i^ale  of  Great  Sritain,  because  in 
these  beds  the  number  of  identical  species  is  found  to  be  greatest. 

Using  the  more  refined  method  and  comparing  the  Brachiopoda  alone 
with  the  Brachiopoda  of  the  Shropshire  section  of  England,  the  same 
result  is  reached.  The  largest  number  of  species  of  Brachiopoda  of  the 
Edmunds  fauna  are  found  in  the  Wenlock  limestone  and  immediately 
upderlpng  shale,  and  running  below  and  above  that  horizon  the  number 
of  identical  species  regularly  decreases  until  they  cease  to  appear. 

Aa  has  been  shown  in  the  first  part  of  this  paper,  taking  the  fauna  of 
Bocbester  shale  of  N'ew  York  and  comparing  it  with  the  same  transat- 
lantic faunas,  the  correlation  is  the  same — the  Wenlock  limestone  and' 
immediately  underlying  shale — the  diagnostic  brachiopods  in  that  case 
being  represented  in  great  number  in  the  limestone  and  shale.  Never- 
ttielesB,  the  Edmunds  fauna  and  the  Niagara  fauna  of  New  York  as  rep- 
resented by  the  Bochester  shale  do  not  agree.  The  Edmunds  and  Boch- 
ester  faunas  contain  6  identical  Brachiopods  in  common ;  3  of  the  trans- 
atlantic species  in  the  Bochester  shale  have  not  been  seen  in  the  Edmunds 
formation.  In  the  Edmunds  fauna  6  identical  species  of  the  transatlan- 
tic Wenlock  fauna  have  not  been  recorded  from  the  Bochester  shale. 
These  peculiarly  EMmunds  species  are  regarded  as  of  particular  signifi- 
cance in  determining  tbe  true  relations  of  the  Edmunds  to  other  forma- 
tioDS.  ' 

FROBtBM  I 

Definition  of  tho  problem. — ^The  first  of  the  problems  I  will  define  as 
follows : 

Qiven  two  faunas  separated  by  considerable  distance  from  eac^i  other 
and  by  this  statistical  method  shown  to  be  correlated,  what  inference  can 
be  drawn  as  to  the  time-relations  of  the  formations  carrying  the  faunas? 

Are  they  contemporaneous  P  and  what  are  the  grounds  for  deducing 
from  fossils  in  the  rocks  inferences  r^arding  the  time-relations  of  the 
geological  events  represented  by  the  rock  formations  and  all  the' other 
problems  connected  with  paleogeography  ? 

Hnxley  warned  us  against  interpreting  likenesA  of  fossils  or  sediments 
into  contemporaneity.  Since  that  statement  was  made  much  progress 
has  been  made  in  biology  as  well  as  geology,  and  now  it  may  be  profitable 
for  TW  to  turn  our  attention  away  from  the  fascinating  attraction  of  the 
scientific  details  of  our  science  to  consider  some  of  the  fundamental  ^rin- 
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ciples  underlying  our  work,  and  look  afield  and  take  our  bearings  and  see 
whither  we  are  drifting. 
.  It  is  quite  evident  that  the  general  practice  of  making  correlations. and 
locating  our  formations  in  horizontal  parallels  means  to  us  that  the  cor- 
related formations  were  deposited  at  synchronous  intervals  of  tin^e  th<5 
wofld  over.  The  reconatruction  of  the  world's  geography  is  based  largely 
on  the  assumption  that  correlation  of  fossil  faunas  may  be  directly  trans- 
lated into  contemporaneity,  and  we  are  apt  to  forget  the  many  precon- 
ceptions involved  in  such  translation.  Let  us  call  attention  to  some  of 
them : 

A.  Identical  spedea. — We  speak  of  identical  species.  What  does  that 
mean?  I  htive  listed  among  the  identical  species  Strophomena  rhom- 
boidalis  Wahlenberg.  This  species  is  listed  m  formations  ranging  from 
the  Ordovician  to  the  Carboniferous. 

Also  I  have  Hated  Strophonella  funtcu/oAi  McCoy,  the  total  range  of 
which  in  the  Shropshire  section  is  from  the  Tickwood  beds  underlying 
the  Wenlock  limestone  to  the  Lower  Ludlow.  It  occurs  in  the  Edmund 
fauna,  liut  I  can  find  no  evidence  of  its  record  from  any  other  formation 
in  America. 

By  the  statistical  method  I  have  been  obliged  to  u^  these  two  epecies 
as  units  of  equal  value  in  determining  the  horizon.  What  is  the  differ- 
enpe  between  them  that  makes  the  one  to  be  regarded  as  ranging. through 
four  geological  systema,  the  other  to  be  restricted  to  a  single  fauna  ap- 
pearing in  a  limited  area?  Strophomena  rhomboidalis  presents  in  its 
various  forme  as  great  an  amount  of  morphologic  diversity  of  characters, 
as  do  the  genera  Strophodonla,  Strophonella,  Leptostrophia  taken  alto- 
gether, with  f|ll  the  many  species  described  in  their  genera. 

In  the  colDpariaon  of  the  Edmunds  with  the  transatlantic  Wenlock, 
both  of  these  types  of  species  are  in  evidence,  but  the  fact  is  that  the 
larger  number  of  the  species  found  to  be  identical  in  the  two  faunas  are 
of  long  stratigraphic  range ;  also  of  vride  geographical  distribution,  and 
those  of  the  type  of  Strophonella  funicula  are  rare. 

Not  only  is  this  true,  but  in  making  up  a  list  of  identical  species  there 
is  generally  some  degree  of  direct  relationship  between  the  species  which 
have  a  long  stratigraphic  range  and  identity  in  widely  separate  regions 
of  the  earth, 

B.  Phuticity  and  fixity  of  form. — The  contrast  between  the  two  epe- 
cies (mentioned  as  examples)  does  not  end  with  the  above  statement. 

Such  a  species  as  Leptana  rhomboidaiis  has  come  to  be  regarded  as  a 
single  species  not  because  all  the  specimens  are  mori^logically  klite. 
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but  because  tfaey  are  bo  commonly  variable.  Any  set  of  epecimens  taken 
from  tlie  same  beds  Taries  greatly  in  form,  and  this  plasticity  of  form  is 
not  confined  to  samples  taken  in  any  special  stage  of  its  long  history ,  or 
any  particular  locality  of  its  wide  distribution. 

On  the  otber  hand,  a  species  like  the  Strophonella  funicvlata  presents 
slight  degree  of  variation  in  its  specific  characters  and  is  itself  a  special 
phase  of  the  more  widely  variable  Strophonella  euglypha.  In  what  are 
regarded  its  generic  as  well  as  its  specific  characters,  specimens  found 
ossqciated  in  a  single  fauna  or  a  single  locality  are  not  markedly  diSetent 
and  hence  fall  under  a  more  rigid  definition.  In  the  case  of  a  long-lived 
species  like  Strophomena  rhomboidalis,  which  retains  its  morphologic 
plasticity,  the  conclusion  seems  reasonable  that  it  lived  and  flourished 
continuously  somewhere  throughout  the  whole  time  represented  by  the 
four  geological  systems  in  which  it  ia  found,  and  that  its  presence  or  ab- 
sence in  aqy  particular  formation  of  those  systems  was  determined  by 
favorable  or  unfavorable  conditions  of  environment,  and  therefore  can 
not  be  taken  as  evidence  of  contemporaneity  of  the  particular  forpiajtions 
holding  the  species  except  within  the  limits  of  its  known  existence  in  the 
series. 

In  the  other  extreme  case  of  a  short-lived  species  like  Strophonella 
funiculafa,  which,  in  any  particular  section  is  known  to  have  a  short  ver- 
tical i^nge  and  to  preserve  ita  specific  characters  rigidly,  we  are  led  to  a 
similar  conclusion.  If  we  start  with  the  assumption  that  its  peculiar 
morphologic  characters  are  the  refiex  response  of  the  organism  to  par- 
ticular conditions  of  environment,  what  is  there  to  prevent  the  reourr' 
Fence  of  such  response  in  the  race  to  which  it  belongs  at  any  recurrence 
of  the  appropriate  ^nditions?  If,  ,00  the  other  hand,  we  assiune  ^hatit 
was  a  phase  Of  race-evolution,  not  being  capable  of  adapting  it^^lf  .in  the; 
struggle  for  existence  and  therefore  closely  adjusted  to, a  particular '^t 
of  environmental  conditions,  the  meeting  of  the  same  species  in  recksof 
two  widely  separate  regions,  such  as  Maine  and  the  center  of  England, 
oalls  for  time  to  migrate,  and  the  further  apart  the  locality  of  the  faqn^ 
the  longer  the,  time, interval, separating  them.  In  neither  of  thfee  ex- 
trem|6  cases  are  we  safe  in  inferring  identity  of  time  from,  the  presence 
of  identical  species,  and  most  of  the  species  of  a  fauna  are  intennediate 
between  these  extreme,  examples. 

C.  PefsotMl  equation  of  th?  deacriber  of  species. — But  these  are  not  the^ 
only  problems  involvefl  in  interpreting  identity,  of  the  species  of  two 
faunas  into  contemporaneity  of  the  formations  containing  them.-        ■  t 
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The  personal  equation  of  the  deacriber  of  the  speciea  listed  moat  be 
elimiDftted  before  we  c&u  reach  exact  conclnaions. 

For  instaoce,  Barrande,  who  prepared  a  momimental  aet  of  volumes 
illustrating  the  Silurian  system  of  Bohemia,  made  a  list  of  49  species  of 
Spirifers  in  the  one  fauna  W.    These  volumes  were  published  in  1879. 

In  Murchison'e  Silurian  System  of  Great  Britain,  published  in  1839, 
Sowerby  described  the  fossils  and  recognized  only  12  species  nnder  that 
generic  name — Spirifer.  The  Brachiopods  were  later  thoroughly  studied 
by  Davidson,  and  in  1883,  after  a  lite  study  of  them,  his  final  list  of  all 
the  British  Silurian  Brachiopods  known  to  him  when  the  final  supple- 
ment was  published  (in  1883)  coataios  only  6  species  (and  3  varieties  of 
1  of  the  species)  of  the  genus  Sptrifer. 

Only  one  of  the  names  used  by  Barrande  was  a  species  previously  rec- 
ognized by  another  author ;  48  of  the  49  species  he  labeled  as  new  species. 

In  Davidson's  list  3  of  the  species  recognized  were  described  by  for- 
eigners before  Sowerby,  2  of  them  by  Sowerby ;  1  is  a  species  of  McCoy, 
and  1  of  the  varieties  is  by  Salter,  both  of  the  latter  worldng  chiefly  on 
British  species. 

Although  the  lists  would  seem  to  indicate  that  the  Bohemian  faiyia 
was  extremely  rich  and  unique  in  species,  examination  of  the  fignrea 
shows  that  Barrande's  49  speciee  of  Spirifer,  of  E'  Bohemia,  belong  al- 
most entirely  to  modifications  of  the  5  species  listed  by  Davidson  from 
the  British  Silurian.  There  are  some  peculiar  forms  not  recorded  by 
any  of  the  figures  of  Davidson;  but  the  Bohemian  series  presents  very 
little  morphological  digression  from  the  group  of  forms  described  as  S 
species  by  Davidson, 

This  is  but  an  extreme  case  of  the  different  conceptions  of  species  heM 
by  anthoTs. 

Kot  only  is  there  great  difference  in  the  plasticity  of  characters  of 
natural  groups  of  specimens  listed  under  a  single  specific  name,  but  there 
is  a  great  difference  among  authors  in  the  application  of  specific  names 
to  the  specimens  under  examination. 

This  analysis  shows  that  a  list  of  identical  species  by  which  we  attempt 
to  correlate  ,the  fsunas  of  two  geographically  separate  formationa  differ 
widely  in  many  respects,  namely:  (1)  in  the  amount  of  morphologic 
divergence  compatible  with  specific  identity;  (2)  in  the  rtmge  or  strati- 
graphic  thickness  of  the  sediments  through  which  they  are  known  to 
persist;  (3)  in  the  distribution  or  wideness  of  the  geographical  area  in 
which  they  may  be  found,  and,  what  is  of  still  greater  importance  in 
estimating  their  value  for  correlation,  (4)  in  the  wide  divergence  of 


Digitized  bvGoOgIc 


PBOBLBH  n  6^6 

vtage  M  the  application  of  the  specific  names  to  morphologic  characters 
of  the  fossils  described. 

.  The  effect  is  to  make  a  list  of  identical  species  to  be  composed  of  a 
gioup  of  •  morphologic  units  of  very  diverse  scientific  value. 

We  would  not  expect  to  get  accurate  results  regarding  geogntphica) 
boundaries  by  promiscuously  adding  together  yards,  feet,  and  meters, 
and  can  We  expect  to  reach  correct  conclusions  regarding  correlations  by 
comparing  statistics  of  such  diverse  meaning.  In  the  past  fifty  years  a 
great  amoOnt  of  attention  has  been  given  to  establishing  uniformity  of 
classification  and  nomenclature  of  geologic  formations.  I  raise  tlie  ques- 
tion whether  the  time  is  not  ripe  for  us  paleontologistB  to  give  thought 
attd  Btiidy  and  conference  to  solving  the  difficult  problems  facing  any  one 
who  attempts  seriously  to  correlate  formations  by  means  of  their  fossil 
contents. 

PttOBLBM  II 

General  discussion  of  the  problem. — ^The  second  problem  to  which  I 
wi^  to  c^l  attention  concerns  the  use  of  fossils  in  making  inferences  as 
toitiie  physical  conditions  of  the  area  in  which  they  lived  and  the  geo- 
logicat  events  signified  by  change  in  fossil  faunas. 

/'.Ik  what  I  have  to  say  you  must  bear  in  mind  that  ray  scientific  study 
of  I  fossils  has  been  limited  to  Paleozoic  faunas,  the  great  part  of  the  spe- 
cies of  which  are  now  marine  and  extinct.  Those  who  are  more  familiar 
with'  hi^er  formations,  in  which  living  genera  and  species  come  into 
evidence,  and  students  of  land  fossils  of  higher  biological  rank  may  con- 
tribute valuable  suggestions  in  the  solution  of  these  problems  which  I 
can  not  speak  of  from  personal  knowledge. 

In  the  study  of  Paleozoic  faunas  we  have  reached  certain  conclusions 
regarding  the  original  nature  of  the  environmental  condition  under 
which  the  fossils  lived  by  noting  the  physical  character  of  the  sediments 
and  in  a  general  way  by  observing  the  adjustments  now  existing  of  the 
classea  of  organisms  represented  in  these  ancient  faunas.  Thus  when  we 
discover  a  fauna  limited  to  Liogulas,  a  few  frail  mollusks,  and  fragments 
of  fish  remains  and  driftwood  we  interpret  it  as  evidence  of  shallow  water 
marine  environment. 

When  we  discover  corals  in  abundance,  Brachiopods  and  Cephalopods 
dominant  in  the  composition  of  the  fauna,  and  the  sediments  more  or 
teas  calcareous,  we  interpret  it  into  deeper  marine  conditions,  open  at 
least  to  the  ocean  conditions  as  far  as  determination  of  the  kind  of  the 
life  is  concerned. 

From  the  coarsenesa  and  fineness  of  the  detrital  materials  making  up 
XXVII— Bull.  Qmou  Boc.  Am.,  Vol.  24, 1S12 
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the  sediments  we  also  draw  definite  inferenceB  as  to  nearness  oir  distance 
from  the  origin  of  the  materials. 

The  presence  of  salt  and  gypsum,  uniformity  of  Sne-grained  Pedi- 
ments, with  even  lamination,  ripple-maritB,  and  croea-bedding,  each  has 
its  interpretation  based  on  the  known  conditions  in  modem  oceans  under 
which  these  phenomena  arise. 

In  these  various  iuferences  we  are  fairly  safe  because  we  have  the 
actual  relationship  of  living  faunas  to  conditions  now  in  existence  to  fall 
back  on,  and  we  can  correct  our  hypotheses  by  closer  obaerration  of  exist- 
ing conditions. 

The  difficulties  arise  when  we  attempt  to  draw  conclusions  on  pre- 
sumptions which  are  incapable  of  direct  proof  from  any  direct  observa- 
tion. 

For  instance,  in  the  case  before  us  the  sequence  of  formations  and 
their  contained  faunas  in  the  Eastport  Quadrangle  area  bears  a  very  close 
resemblance  to  the  sequence  of  sediments  and  faunas  recorded  in  the 
Silurian  district  of  England.  In  both  cases  there  is  the  gradual  change 
from  pure  marine  sediments,  with  abundance  of  a  great  variety  of  ma- 
rine invertebrates,  through  beds  in  which  the  types  of  life  we  consider 
purely  marine  become  rare,  and  the  species  that  do  appear  are  more 
closely  related  to  brackish-water  species,  and  closing  with  the  dropping 
out  of  all  tlie  Brachiopods  except  Lingulas,  with  traces  of  fish  remains 
and  frequent  evidence  of  shallow  conditions,  such  as  ripple  and  wave 
marks,  ending  abruptly  in  a  definite  line  of  unconfonility,  the  overlying 
beds  being  Upper  Devonian  instead  of  Silurian. 

In  the  British  section  the  same  order  of  events  is  indicated,  and  the 
several  stages  in  the  two  series  are  tied  together  by  faunas  carrying  sev- 
eral identical  species.  Both  of  them  indicate  a  gradual  uplifting  of  the 
continental  mass,  the  shallowing  of  the  water,  and  the  final  protrusion 
of  the  surface  above  the  sealevel,  making  land  where  for  a  long  period  of 
time  marine  conditions  had  prevailed. 

The  temptation  in  this,  as  in  the  first  case,  is  to  infer  that  the  several 
geologic  events  on  the  two  sides  of  the  present  Atlantic  Ocean  were  con- 
temporaneous in  this  Silurian  period  of  time. 

Let  ns  examine  the  hypotheses  on  which  such  a  conclusion  rests. 

First,  we  have  to  assume  that  the  identity  of  species  in  the  separate 
faunas  indicates  contemporaneity  for  the  several  formations  in  which 
they  lie. 

In  the  discussion  of  the  Edmunds  fauna  it  was  discovered  that  a  ma- 
jority of  the  species  which  can  be  regarded  6a  identical  with  transatlantic 
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gpeeies  in  the  Wenlock  haTe  a  range  in  the  Silurian  rocks  of  England  as 
great  at  least  as  the  whole  aeries  of  beds  represented  in  the  Silurian  of 
the  Eastport  region,  and  Some  of  them  appear  both  is  OrdoTician  and 
Devonian  strata. 

Supposing  we  accept  tbe  proposition  that  the  order  of  succession  of 
the  fauna  points  correctly  to  a  gradual  lifting  of  the  aea  bottom  to  the 
surface  in  tbe  two  areas,  is  not  the  testimony  as  strong  evidence  that  the 
several  faunas  indicate  only  like  conditions  of  environment  as  that  they 
indicate  contemporaneous  periods  of  time? 

Which  of  these  two  conclusions  we  adopt  will  depend  in  great  measure 
on  which  of  two  diverse  hypotheses  we  accept  regarding  the  causes  of 
change  in  form  of  organisms.  For  convenience,  call  these  two  the  hy- 
pothesis of  migration  and  the  hypothesis  of  evolution. 

Ht/pothesia  of  migration. — By  the  hypothesis  of  migration  I  mean 
that  in  seeking  an  explanation  for  the  change  in  composition  of  the  fossil 
(Bunas  we  adopt  the  hypothesis  that  the  changes  in  the  environmental 
(Jonditions  under  which  the  fauna  of  the  lower  formation  lived  re8ult«d 
in  the  departure  of  that  fauna  from  the  area  under  examination,  and  a 
new  set  of  species  adjusted  to  the  new  conditions  migrated  into  the  area. 

In  this  hypothesis  several  propositions  regarding  the  relations  of  the 
morphology  of  species  to  conditions  of  environment  are  involved. 

1.  It  is  assumed  that  a  species  maintains  its  morphologic  characters 
and  adjustment  to  conditions  of  life,  and  when  in  one  locality  the  habitat 
becomes  unfavorable  the  species  migrates  or  moves  out  to  find  more  con- 
genial conditions  or  dies. 

2.  There  is  also  involved  the  assumption  that  the  overlying  fauna  was 
already  flourishing  elsewhere  duriDg  the  time  of  occupation  of  the  area 
by  tbe  lower  fauna,  which  means  that  although  in  the  geological  section 
tbe  one  fauna  makes  its  record  later  than  the  other  the  two  are  actually 
contemporaneous  faunas  adjusted  and  living  under  diverse  physical  con- 
ditions at  the  same  time. 

And  these  two  propositions  appear  to  be  well  founded  on  observed 
facta  in  present-time  conditions — that  is,  we  know  that  at  the  present 
time  there  are  living  in  the  oceans  quite  diverse  faunal  combinations  of 
species — more  or  less  closely  adjusted  to  differences  of  depth  in  the 
water,  different  degrees  of  purity  and  density  of  the  salt  water,  differences 
of  temperature,  and  also  limited  to  particular  geographical  provinces  of 
distribution. 

•  We  seem,  therefore,  to  be  fully  justified  .iu  assuming  that  a  similar 
set  of  cooditloDS  prevailed  in  Paleozoic  time. 
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Evolution  hypothesis. — The  other  hypothesis,  the  evolution 'hypotheaiB, 
rests  on  two  almost  diametrically  opposite  propositions.  !      ■     : 

I.  The  first  of  which  is  that  a  species  subjected  to  unfavorable  oondi- 
tions  of  environment  adjusts  its  morpholo^c  characters,  andthat  the 
differences  cltserved  in  the  fannsl  composition  between  a  given  fauna  and 
the  fauna  stratigraphically  underlying  it  is  the  result  of  modification  of 
those  species  capable  of  making  the  adjustment  and  the  fc'ilting  off  ^of 
those  not  capable  of  adjustment 

II.  The  second  proposition  is  that  the  second  fauna  is  really  a  newly 
evolved  fauna,  not  contemporaneous  with  the  first,  but  actually  repre- 
sents a  later  period  of  time  wherever  it  is  found. 

This  evolution  hypothesis  also  appears  t«  be  founded  on  well  known 
facts  of  geographical  distribution  and  what  we  know  of  the  effect?  pro- 
duced on  living  species  by  abnormal  conditions  of  environment  to  which 
they  are  eiposed. 

This  second  set  of  problems,  like  the  first,  is  familiar  to  us  all ;  but  are 
we  aware  of  their  great  significance  in  reaching  ri|^t  interpretation  of 
our  fossils?  Are  we  not  unscientific  in  supposing  that  our  hypotheseo. 
our  assumptions,  our  fundamental  ideas,  our  modes  of  reasoning,  will 
take  care  of  themselves  if  only  we  accurately  record  our  otui^ed  facts? 

The  problems  to  which  I  have  referred  confront  as  all  when  wfe"  at- 
tempt to  interpret  fossils.  It  is  easy  to  state  What  they  are,  but  their 
solution  will  require  serious  consideration  if  we  are  to  make  real  progress 
in  our  science. 

CoNcmsioNs 

In  conclusion,  I  will  state  that  after  a  study  of  the  facts  available  I 
feel  a  reasonable  confidence  in  correlating  the  fauna  of  the  Edmunds 
formation  with  the  fauna  of  the  Wenlock  limestone  and  shale  of  Eng- 
land. But  the  facts  do  not  seem  to  me  to  warrant  the  statement  that 
the  Edmunds  formation  and  the  Wenlock  are  contemporaneous  in  any 
such  sense  as  to  enable  us  to  draw  definite  geographic  boundaries  of  some 
particular  epoch  of  geologic  time. 

The  problems  to  which  I  have  called  attention  do  not  involve  uncer- 
tainties regarding  the  morphologic  characters  of  fossils,  but  uncertain- 
ties regarding  the  modes  of  thought  and  reasoning,  the  controlling  ideas, 
by  which  we  interpret  fossils  into  terms  of  time-relations  and  paleoge- 
ography. 

Considering  the  importance  of  having  right  premises  even  in  scientific 
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reasoning,  may  it  not  be  worth  our  while  to  examine  more  cloeely  the 
presotDptions  we  are  accuetonted  to  use  in  interpreting  fosaiU. 

-     '  Discussion 

In  reply  to  Mr.  Ulrieh's  criticism,  I  will  state  that  I  did  not  intend 
either  to  aiBrni  or  deny  that  all  dttTercnces  expressed  by  contrasted 
faunas  are  the  effect  of  changed  conditions  of  environment,  but  to  call 
attention  to  the  fact  that  we  paleontologists  are  Accustomed  to  use  in  our 
interpretation  of  faunas  the  hypotheses  of  migration  and  of  modification 
without  due  consideration  of  the  diametrically  opposite  theories  regard- 
ing the  behavior  of  organisms  when  subjected  to  adverse  conditions  of 
environment. 

When  we  infer  from  the  morphologic  differences  presented  by  the  spe- 
cies of  two  contrasted  faunas  that  migration  has  taken  place,  we  assume 
that  a  species  either  maintains  its  characters  or  dies  when  subjected  to 
adverse  conditions  of  environment.  When,  on  the  other  hand,  we  cite  the 
same  morphologic  differences  as  evidence  of  successive  stages  in  the  evo- 
lution of  the  species,  we  are  working  on  the  hypothesis  that  the  species 
modifies  its  character  either  in  direct  response  to  changed  conditions  of 
environment  or  by  orthogenesis,  irrespective  of  environment. 

It  ia  important  to  know  which  of  these  conceptions  of  the  behavior  of 
organisms  is  correct  and  applicable  to  the  case  in  hand. 

To  the  second  point,  that  locally  slight  differences  in  the  morphology 
of  fossils  are  of  great  value  in  tracing  the  sfratigraphic  continuity  of 
beds,  I  reply  certainly  this  is  true.  In  attempting,  however,  to  correlate 
beds  separated  by  considerable  distances,  and  possibly  in  separate  geologic 
basins,  such  slight  variations  in  form  are  of  little  value  so  long  as  they 
do  not  exceed  the  limits  of  normal  fluctuating  variation  expressed  by 
the  species  at  a  single  horizon  when  represented  by  abundant  individuals. 

In  answer  to  Doctor  White's  question,  I  would  state  that  the  Mas- 
carene  beds  across  the  boundary  in  New  Brunswick  arc  correlated  with 
the  Elastport  formation  of  the  section  in  Washington  County  in  the 
southeast  comer  of  Maine. 

To  Professor  Grabau's  suggestion  that  the  varietal  characters  expressed 
by  Strophomena  rhomboidalis  are  gerontic  in  nature,  it  may  be  replied 
that  while  it  may  be  possible  to  detect  in  the  Carboniferous  some  evi- 
dences of  old  age  characteristics,  it  is  the  fact  that  from  beginning  to 
end  the  species  expresses  a  great  amount  of  variation,  and  the  plasticity 
of  form  is  continued  with  recurrences  of  the  species  as  we  follow  it  up- 
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ward  in  the  column.  The  species  passes  through  considerable  modifica- 
tion of  form  in  passing  from  embryonic  to  adult  stage,  but  so  far  ae  I 
have  observed,  these  developmental  stages  are  Dot  expressed  in  phylogeDy 
with  sufficient  distinctness  to  be  of  value  in  marking  the  stages  of  the 
history  of  the  race. 
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In  recent  years  it  has  come  to  be  generally  recognized  that  witliin  the 
fltratigraphic  series  of  both  the  old  and  the  new  world  there  are  a  number 
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of  deposits  which  owe  their  origin  and  chantcteristica  not  so  much  to  the 
ordinary  forces  active  in  marine  eedimentatioD,  but  rather  to- the  domi- 
nance of  the  influence  of  water  on  land.  Most  noteworthy  among  these 
are  the  deposits  formed  by  rivers,  those  formed  by  lakes  or  other  standing 
water  bodies  being  of  secondary  and  limited  significance. 

River  deposits  may  be  divided  into  (1)  iuterstream  deposits,  or  those 
formed  along  the  course  of  the  stream — tliat  is,  on  its  floodplain — and 
(2)  terminal  deposits,  or  those  formed  at  its  debouchure  either  at  the 
foot  of  the  mountains  or  at  its  junction  with  the  sea  or  a  lake.  Consider- 
ing only  the  last  type,  we  find  that  in  the  first  case  a  dry  delta  or  alluvial 
fan  or  cone  resnlte,  while  in  the  second  a  delta  of  the  ordinary  type, 
partly  aubaerial  and  partly  subaqueous,  is  formed.  The  general  charac- 
teristics of  these  two  types  of  deposits  when  formed  by  modern  streams 
are  well  known  and  have  been  fully  described.^  They  may  therefore  be 
passed  over  briefly : 

CBARACTBR8  OF  THE  ALLUVIAL  FAX 

The  essential  difference  between  the  alluvial  fan  and  the  delta  lies  in 
the  simple  character  of  the  first  as  compared  with  the  complex  one  of  the 
second.  The  beds  of  the  alluvial  fan  will  be  essentially  of  one  kind — 
that  is,  topset  beds — though  they  may  vary  in  texture,  thickness,  con- 
tinuity, and  other  characters.  These  beds  are  chiefly  of  subaerial  origin, 
thou^  the  fan's  foot  may  dip  into  the  sea  or  a  body  of  standing  water. 
The  increase  in  size  will  be  a  semi-radial  one,  though  showing  more  or 
lees  irregularity  according  as  one  or  the  other  of  the  distributaries  will 
build  faster  than  its  neighbors.  In  grain  the  individual  beds  will  vary 
from  coarsest  along  the  distributaries,  especially  near  the  head  of  the  fan, 
to  finer  in  the  spaces  between  the  distribntaries  and  finest  as  a  whole  near 
the  peripheiy  of  the  fan.  Owing  to  the  frequent  shifting  of  the  dis- 
tributaries, these  features  will  vary  in  harmony  with  such  shifting  and 
the  variation  will  increase  in  magnitude  as  the  alluvial  fan  grows. 

CORRNNT  BSDDIKO  OF  TBS  ALLUVIAL  FAN  DEPORITB 

Two  kinds  of  current  bedding  may  be  observed  in  alluvial  fan  deposits: 
(a)  compound  oblique  bedding  and  (6)  complex  cross-bedding.  The 
former  is  characterized  by  a  succession  of  oblique  layers,  all  of  them  in- 
clining in  the  same  direction,  at  approximately  uniform  angles,  and  sepa- 
rated by  horizontal  beds  of  less  thickness  (figure  1).    This  type  of  croas- 

■  Berman  Credncr  ;  Die  DelttD.  PetermaiiD  rieosTsplilBche  MltrhelLungpn.  Er^niung, 
bett  No.  SO.  pp.  1-T4,  3  tafeln.     187S. 

Jowph  BarraU ;  Bull.  Qeol.  Soc.  Am,,  toI.  23.  pp.  3T7.446.      1012. 
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bedding  is  eminently  characteristic  of  torrential  stream  deposits,'  The 
direction  of  inclination  indicates  the  direction  of  the  current,  and  since 
in  a  fan  this  direction  changes  around  tlie  periphery  such  change  must 
also  be  looked  for  in  the  direction  of  the  dip  of  the  layers  in  various  con- 
temporaneous parts  of  the  formation.  Sucii  a  type  of  cross-bedding  re- 
sembles egaentially  a  series  of  superposed  deltas  of  small  height,  each 
consisting  of  forcwet  and  topset  beds.  The  foreset  beds  become  tangent  to- 
ward the  bottom,  as  in  ordinary  deltas,  merging  into  the  underlying  hori- 
zontal beds,  which  in  turn  constitute  the  topset  division  of  the  nest  lower 
series.  The  topset  beds  are  generally  somewhat  coarser  than  the  foreset 
beds,  and  it  not  infrequently  happens  that  the  topsets  of  an  earlier  part 


Kini'KE  1. — njofjrora  u(  campotind  ohUiiiie  Cro»*-betltHng 
Tbe  tTpe  most  commoD  In  torreotlal  depoalta 

of  a  series  are  somewhat  lower  than  those  of  the  later  part  of  the  same 
aeries.  Generally  a  sharp  contact  is  shown  between  topset  and  foreset 
beds,  the  latter  showing  evidence  of  a  certain  amount  of  truncation  before 
the  topset  beds  wore  laid  down.  In  general  the  layers  showing  the  oblique 
bedding  are  not  more  than  3  or  4  feet  in  vertical  thickness,  but  tlie  indi- 
vidual oblique  beds  may  be  G  feet  or  more  in  length.  The  topSets  are 
usually  not  more  than  half  as  thick  as  the  oblique  series.  The  angle  of 
inclination  of  the  oblique  series  varies  with  the  grain  of  the  material  and 
other  factors,  but  generally  falls  around  30  degrees  from  the  horizon- 
tal.   In  some  cases  as  many  as  six  or  eight  or  even  more  successive  series 

Q   of   Granada.      Bull.   GmI.   80c.   Am.,   vol.   IT. 
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of  this  kind,  each  consisting  of  inclined  foresets  and  horizontal  topsets, 
have  been  found  superposed. 

It  would  be  diffieult  to  conceive  of  a  series  of  such  deposits  as  having 
been  formed  in  a  body  of  standing  water.  A  single  series  might  be  inter- 
preted as  a  small  delta,  but  a  successioo  of  such  series  could  not  be 
formed  without  periodic  catastrophic  subsideni-e  after  the  completion  of 
each  delta.  Moreover,  as  such  subsidence  brings  with  it  a  transgression 
of  the  waters,  it  is  evident  that  as  a  result  the  zone  of  deposition  would 
be  shifted  landward,  and  that  offshore  deposits  would  follow  on  the  old, 
now  submerged,  delta.  This  type  of  cross-bedding  is,  however,  eminently 
characteristic  of  subaerial  torrential  stream  deposits,  but  it  is  wholly 
unknown  so  far  from  undoubted  marine  or  lacustrine  sediments.  More- 
over, since  the  deposits  showing  such  cross -lied  ding  are  tree  from  marine 
or  lacustrine  organic  remains,  though  often  carrying  those  which  can  be 
shown  to  be  of  land  or  river  habitat,  it  seems  that  such  a  type  of  cross- 
bedding  may  be  taken  as  strongly  indicative  of  a  non -marine -torrential 
river  rather  than  a  seashore  deposit. 

The  second  type  of  current  bedding  is  more  properly  described  as  a 
cross-bedding,  or  better  as  a  crisscross  type  of  bedding^since  the  beds  in- 
cline in  all  directions.  The  angles  of  inclination  vary  greatly,  and  the 
successively  inclined  series  are  not  separated  by  horizontal  beds,  but  by 
erosion  surfaces,  which  may  also  vary  in  amount  and  direction  of  inclina- 
tion. This  sort  of  bedding  represents  a  process  of  cut  and  fill  on  a  large 
scale  and  it  is  most  characteristic  of  eolian  deposits  at  the  present  time. 
Walther'  has  described  it  from  the  Libyan  desert  and  Huntington"  from 
the  deserts  of  Asia.  One  of  its  most  characteristic  features  is  the  fact 
that  the  oblique  layers,  where  they  come  in  contact  with  the  underlying 
erosion  plane,  show  a  marked  tangency  with  this  plane. 

In  the  modern  eolian  deposits  of  this  type  the  inclined  strata  are  rem- 
nants of  the  anticlinal  stratification  of  sand  dunes.  These  ijunes  are 
partly  truncated,  whereupon  a  second  set  of  dunes  is  laid  dt^wn  on  the 
remains  of  the  eroded  first  set.  Repeating  this  several  times  will,  if  the 
layers  become  properly  arranged,  prwluce  the  strui'ttire  in  question.  It  is 
essentially  a  progressive  migration  of  sand  dunes  across  the  truncated 
bases  of  the  preceding  series  (figure  2). 

While  a  structure  of  this  type  can  be  formed  on  a  small  scale  hy  mi- 
grating ripple-marks,  as  shown  by  Gilbert,'  it  is  difficult  to  conceive  how 

•  Dcnadatlou  Id  der  WUite.  Abband.  d.  Miilh.  Fbys.  Clagse  d.  K.  SachK.  4ie)ieU.  d. 
natarw..  rol.  ivl.  pp.  34T-56II.     1S91. 

•  Boll.  a«ol,  Boc,  Am..  Tol.  18.  pp.  .tTfl  ft  flpq. 

•  Boll.  OfoI.  Sdc  Am.,  vol.  10,  p.  13D. 
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it  can  be  formed  on  a  large  scale  except  by  the  method  of  migrating 
duues.  It  is  true  that  a  scries  of  migrating  sand-bars  might  produce  the 
same,  or  very  similar  cross-bedding,  except  for  the  fact  that  the  older 
Band-bars  are  apt  to  be  entirely  removed  during  the  progressive  encroach- 
ment of  the  sea,  and  that  the  areal  extent  of  a  formation  built  as  a  sub- 
marine sand-bar  can  be  only  of  very  limited  extent,  at  least  in  so  far  as 
one  of  its  horizontal  dimensions  is  concerned.  A  structure  of  this  kind 
may  also  be  formed  in  subaerial  delta  fans  wherever  the  material  of  the 
fan  suffers  rearrangement  by  wind. 

STRUCTURE  OF  TBB  MARQISAL  DELTA 

A  delta  built  into  the  sea  or  into  a  body  of  standing  water  is  generally 
much  more  complex  than  one  of  the  subaerial  type.  In  addition  to  the 
subaerial  portion,  there  is  the  subaqueous  part,  which  consistg  mainly  of 


FiouBE  2. — Diagram  of  complex  Reading 
CbaraclerlBtlc  of  eoUan  depoalts 

the  foresetfl  and  bottomsets.  The  foresets  will  normally  become  tangent 
to  the  bottomset  beds,  and  as  the  angle  of  the  foresets  decreases  toward 
the  periphery  the  distinction  between  foreset  and  bottomset  may  fade 
away.  At  the  point  of  merging  of  the  foreset  into  the  bottomset  beds 
there  is  often  an  excessive  thickening  over  other  parts  of  the  same  layer. 
In  some  deltas  forewt  beds  may  Income  inseparable  from  top-  or  bottom- 
set  beds. 

Deltas  built  in  regions  of  subsidence  are  apt  to  show  portions  of  ter- 
restrial origin,  alternating  with  layers  of  sediments  carr^'ing  a  marine 
fauna,  thus  indicating  that  a  portion  of  even  the  topset  beds  may  be 
formed  as  submarine,  shallow-water  deposits.  Thus  occasional  interpo- 
lation of  marine  layers  is  to  be  expected  in  delta  deposits-on  the  seacoast, 
and  there  should  be  expected  more  or  less  of  a  mergence  of  the  landward 
portion  of  terrestrial  origin  and  the  seaward  portion  of  marine  origin. 
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Beyond  the  delta,  moreover,  there  must  be  a  corresponding  purely  marine 
5erie8  of  deposits,  formed  in  the  open  Bea  while  the  delta  wae  building 
along  the  coast. 

FOaSILa  OF  DSLTAB 

The  fossiU  of  subaerial  or  dry  deltas,  aa  already  noted,  are  chiefly  of 
terrestrial  types,  though  on  very  large  deltan,  swamps,  or  even  Lakes  may 
come  into  temporary  existence,  and  so  paludal  and  lacustrine  orgamsms 
may  occasionally  become  entombed.  River  organisms  are  apt  to  form  an 
important  part  of  the  organic  content  of  sutOi  dry  deltas,  but  marine 
oi^anisms  are  wholly  wanting,  except  in  the  cases  where  the  margins  of 
the  delta  dip  into  the  sea,  or  where  the  sea  momentarily  trangresaes  across 
the  delta. 

Seashore  deltas,  on  the  other  hand,  are  likely  to  contain  many  remains 
of  marine  organisms,  but  these  are  generally  distributed  in  layers  alter- 
nating with  others,  in  which  remains  of  marine  organisms  are  wanting 
and  where  often  terrestrial  organisms  take  their  place.  Remains  of  land 
and  river  organisms  constitute  a  characteristic  part  of  the  typical  sea- 
shore deltas,  and  indeed  it  might  be  considered  that  a  delta  of  this  type 
free  from  such  remains  is  an  anomaly  and  requires  special  explanation. 
Among  the  common  type  of  terrestrial  fossils  of  deltas  are  plants,  espe- 
cially the  trunks  of  trees,  which  are  brought  down  by  the  rivers  and 
stranded  in  the  delta.  But  river  animals  and  plants  must  also  be  repre- 
sented. Aquatic  plants  are  often  prolific  in  spores,  especially  the  Rhizo- 
carps,  and  such  bodies  might  be  expected  in  abundance.  The  spore  cases 
of  Chara  would  also  be  subject  to  burial  in  the  delta  deposits.  River 
animals  would  he  chiefly  represented  by  dead  parts,  such  as  the  exoskele- 
tona  of  crustaceans,  etcetera.  In  general,  when  a  group  of  organisms  is 
practically  restricted  to  deposits  of  the  delta  type,  it  is  reasonably  safe  to 
assume  that  such  organisms  are  of  fluviatile  or  terrestrial  rather  than  of 
marine  habitat. 

OVERLAP  REI.ATIONH  OF  DELTAS 

The  normal  type  of  overlap  of  the  alluvial  fan,  formed  entirely  on  dry 
land,  is  by  radial  extension  of  the  later  layers,  so  that  they  transgress  the 
margins  of  the  preceding  deposit,  and  each  layer  in  turn  comes  to  rest 
directly  on  the  old  surface  on  which  the  fan  is  building.  Such  overlap 
will  be  most  marked  around  the  periphery  of  the  fan,  the  overlap  thus 
being  away  from  the  source  of  supply.  A  headward  overlap,  or  the  ex- 
tension of  the  higher  layers  up  the  stream  channels  supplying  the  ma- 
terial, may  be  brought  about  by  the  change  in  grade  which  results  with 
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the  growth  of  the  delta,  and  the  consequent  pushing  upstream  of  the  zone 
of  first  deposition.  Such  an  overlap  is,  however,  likely  to  be  far  less  es- 
tensive  and  much  more  rapid  than  the  overlap  in  the  other  direction,  anil 
is  not  likely  to  be  confused  witli  the  marine  type  of  overlap  which  is  also 
toward  the  source  of  supply,  but  characterizes  an  extended  aea-bonlet 
belt  rather  than  the  contracted  atrip  of  a  river  floodplain. 

When  a  delta  largely  of  the  subaerial  type  is  building  into  the  sea 
which  it  gradually  replai-es,  the  non-marine  layers  will  regularly  nier!,'e 
into  a  marine  extension  and  a  replacing  orerlap  will  result.  As  the  con- 
tinental layers  extend  outward,  the  marine  layers  will  be  shortened,  ami 
as  ft  result  the  two  series  will  be  separated  hy  an  upward-slanting  divid- 
ing line.  Such  a  replacement  may  also  occur  where  a  submarine  deposit 
of  terrigenous  material,  the  seaward  extension  of  a  delta,  gradually 
spreads  over  one  of  tlmlassigenous  or  o(-ean-derive<l  material,  as  in  the 
case  of  the  Hudson  beds  of  Normanskill,  Schenectady,  and  TJtica  age, 
which  gradually  replace  the  successive  members  of  the  Black  River- 
Trenton  limestone  series  from  tlie  east,  the  source  of  supply  of  the  terrig- 
enous material,  westward. 

C0AHSBXB88  OF  DELTA  DBPOatTB 

This  may  vary  from  conglomerates  and  breccias,  or  even  accumulations 
of  lai^e  boulders,  to  the  finest  lutytes  or  mud  deposits.  The  coarse  con- 
glomerate is  more  characteristic  of  the  subaerial  part  of  the  delta  and  the 
fine  mud  of  the  subaqueous,  but  there  is  no  especial  restriction  in  the  dis- 
tribution of  these  deposits.  Thus  the  alluvial  fans  of  the  Huang  Ho  and  of 
the  Ganges  and  Indus  are  characterized  by  material  nearly  or  quite  as 
fine  as  that  generally  accumulating  in  standing  water,  while  on  the  other 
hand  coarse  marine  deposits  are  not  uncommon.  On  the  whole,  the  text- 
ure of  the  material  inereaees  in  coarseness  toward  the  head  of  the  delta 
or  the  fan,  this  being  more  or  less  coincident  with  the  increase  in  the 
thickness  of  the  deposit. 

Examples  of  axcient  Delta   Deposits   from  the   Ordoticic  and 

SiLrRic  Conglomerates  amh  Saskstones  of  the 

Appalachian  Moi'ntais  Region 


Among  the  many  deposits  of  America  and  Kuroiw  which  by  their 
character  and  distribution  suggest  that  they  represent  delta  dei)osit«  of 
one  or  the  other  type  above  noted,  only  a  few  American  examples  can  he 
selected  and  described  in  detail.    Those  will  be  chosen  which,  by  their 
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strikJDg  characteristics,  challenge  attention,  and  especially  those  with 
which  I  am  personally  best  acquainted  hy  prolonged  field  and  laboratory 
study.  I  have  elsewhere'  outlined  my  views  regarding  a  number  of 
American  Paleozoic  formations,  the  characters  of  which  stamp  them  as 
continental  rather  than  marine  deposits.  Many  of  these  are  to  be  con- 
sidered in  the  light  of  fossil  deltas,  and  of  thow  a  few  from  the  Ordovicie 
and  Siluric  will  he  chosen  an  illustrations  of  ancient  delta  deposits. 

In  the  Appalachian  Mountain  region  wciir  a  number  of  conglomerates 
and  sandstones  belonging  in  part  to  the  Onlovicic  and  in  part  to  tha 
Siluric  systems,  which  by  their  characters  sliow  that  they  were  deposited 
as  deltaa  partly  marginal,  with  both  subaerial  and  submarine  portions, 
and- partly  as  purely  subaerial  or  dry  delta  fans. 

These  gandstones  and  conglomerates  were  originally  assigned  to  a  uni- 
form horizon,  and  correlated  with  similar  deposits  of  New  York  which 
lie  near  the  base  of  the  Siluric.  Two  areas  of  sueh  deposits  can  be  <lis- 
tinguished:  a  northern,  comprising  Pennsylvania,  New  Jersey,  and  New 
York,  with  the  centers  for  the  most  part  in  Pennsylvania,  and  a  southern 
one  centering  in  eastern  Tennessee. 

TBB  KORTHBRy  BEVTIOX 

The  beds  of  this  section  form  the  bold  monoclinal  ridges  of  Pennsyl- 
vania, extending  southward  into  Maryland  and  northward  through  Xew 
Jersey  into  the  Tlelderbergs  of  eastern  New  York.  In  general,  white 
c-onglo  me  rates  and  sandstones  have  been  found  to  rest  either  mnformably 
or  unconformably  on  the  complex  series  of  shales  and  sandstones  known 
c-olleetively  as  the  Hudson  liivor  group,  the  age  of  which  has  generally 
been  reganlod  as  terminating  with  Ixirraine  deposits.  The  while  con- 
glomerates were  formerly  always  identified  with  the  Oneida  conglomerate 
of  New  York,  which  nearly  all  geologists,  following  Hall,  placed  below 
the  Medina,  though  Vanuxem  distinctly  assigned  it  its  proper  place  at 
the  top  of  the  red  series.  In  central  and  western  Now  York  a  lower 
quartzite,  the  Oswego,  which  lies  below  the  Medina  as  currently  defined, 
was  correlated  with  the  Oneida,  as  was  also  the  Shawangunk  of  the  Hel- 
ilerberg  region. 

In  most  localities  a  red  shale  and  sandstone  often  of  great  thickness 
was  found  above  the  lower  conglomerate,  or,  where  the  latter  was  missing, 
rested  directly  on  the  Hudson  Hiver  beds.  This  was  identified  with  the 
Medina  red  beds  of  New  York.     In  Pennsylvania  a  second  white  con- 


DigitizedbvGoOglC 


408      A.  W.  ORABAV — PAI,BOZOi:C  DELTA  DBP08IT9  OF  NORTH  AUBRICA 

glomerate  or  sandstone  was  found  overlying  these  red  beds,  and  this  waa 
classed  as  the  Upper  or  White  Medina.  Darton'  in  1896  renamed 
these  upper  white  heds  the  Tuscarora  sandstone,  and  the  red  beds  beneath 
them  he  called  the  Juniata  sandstone  and  shale,  from  the  Tuscarora 
monocline  and  the  Juniata  Hiver  in  Pennsylvania,  reapectively,  where 
these  formatioiiB  are  best  shown.  All  the  conglomerates,  sandstones,  and 
shales  were  subsequently  united  by  Clarke  and  Schuchert  under  the  name 
Oswego  group,  and  as  such  made  to  represent  the  basal  part  of  the  Si- 
lurie,*  a  classification  widely  adopted  in  most  of  the  recent  text-books. 

I  believe  I  was  the  first  to  seriously  question  this  accepted  correlatioii, 
and  to  give  reasons  for  the  belief  that  these  conglomerates  and  sandstones 
were  not  of  the  same  age.  This  subject  was  for  some  years  discussed 
before  my  advanced  classes  at  Columbia  University,  and  was  especially 
taken  into  consideration  during  the  fietdwork  in  the  Becraft  and  subse- 
quently the  Schoharie  regions.  The  subject  was  brought  up  for  discus- 
sion at  the  Philadelphia  meeting  of  the  Geological  Society  of  America 
December  31,  1904,  under  the  title  "Relative  ages  of  the  Oneida  and 
Shawangunk  conglomerates."  In  this  communication  I  gave  the  evi- 
dence for  asfligning  the  Oneida  conglomerate  to  a  horizon  at  least  as  high 
88  mid-Mediaa  and  the  Shawangunk  to  the  age  of  the  Salina  deposits  of 
central  New  York.  Mr.  C.  A.  Hartnagel,  who  had  been  studying  the 
Cobleskill  formation  of  New  York,  also  came  to  the  conclusion  that,  since 
the  Shawangunk  and  associated  red  shales  and  sandstones  were  beneath 
the  Cobleskill,  their  age  was  to  he  regarded  as  Salina.  The  abstracts  of 
these  communications  were  not  published  until  February  10,  1906,* 
though  my  own  conclusions  appeared  in  the  preliminary  announcement 
for  that  meeting.  The  full  paper  has,  however,  never  been  published. 
The  subject  was  again  considered  in  an  address  on  the  "Physical  charac- 
ters and  history  of  some  New  York  formations,"  delivered  before  Section 
E  of  the  American  Association  for  the  Advancement  of  Science,  at  Syra- 
cuse, July  25,  1905,  and  published  in  Science  of  October  27  for  that 
year."*  In  that  communication  the  age  of  the  Oneida  was  shown  to  be 
Upper  Medina,  and  reasons  were  given  to  show  that  the  Shawangunk  was 
of  Salina  age.  In  the  paper  these  beds  were  also  considered  as  possibly 
of  subaeria!  origin,  representing  delta  fans  formed  by  rivers  from  the 
old  Appalachian  highlands.  Meanwhile  Mr.  Hartnagel  published  his 
observations  in  a  paper  entitled  "Notes  on  the  Siluric  and  Ontario  aec- 

*V.  8.  OeolOKtcal  Surrey  Polio  No.  32. 

*tlcl«Dce.  n.  ».,  vol.  i.  No.  25B.  pp.  8T4-878.  Dec.  15.  1890. 

•  Bun.  Gml.  Soc.  Am.,  to).  10,  p.  582. 
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tion  of  eastern  New  York,"  which  appeared  in  the  Eeport  of  the  Stat« 
Psleootologiet  for  1903,  published  February,  1905."  Here  he  gave  fur- 
ther etratigraphic  reasons  for  asaigniug  the  age  of  the  Shawangunk  to 
the  Salina,  but  regarded  the  Oneida  as  the  equivalent  of  the  Oswego 
sandstone.  Finally,  in  May,  1907,  he  reviewed  the  atratigraphic  position 
of  the  Oneida  conglomerate,  with  the  conclusion  that  it  should  be  re- 
garded as  the  equivalent  of  the  Upper  Medina.  He  also  quotes  a  letter 
of  Col.  E.  Jewett,  published  in  the  American  Jounial  of  Science  for 
1864  (volume  xsxviii,  page  121),  in  which  he  announced  the  finding  of 
Arikropht/ciis  harlani  in  typical  Oneida  conglomerate,  and  gives  it  as  his 
opinion  that  the  age  of  that  rock  is  Medina."  The  discovery  of  the 
Eurypterus  fauna  at  Otisville  gave  paleontological  corroboration  to  the 
stratigraphic  interpretation,  since  this  fauna  is  essentially  the  same  as 
that  found  in  the  basal  Pittsford  shale  of  the  Salina  in  western  New 
York,"  discovered  shortly  before  by  Sarle. 

It  thus  became  evident  that  the  Shawanguiik  conglomerate  mu.st  be 
separated  from  the  other  conglomeratcB  and  placed  at  a  higher  level  in 
the  stratigraphic  column.  This  conglomerate  crops  out  along  the  Tlel- 
derberg-Kittatinny-Blue  Mountain  Ridge,  from  near  Binnewator,  N'ew 
York,  to  some  distance  beyond  the  Lehigh  Water  Gap  in  Pennsylvania, 
but  with  extensions  southward  into  Maryland,  The  continuous  mapping 
along  the  Blue  Ridge  of  a  single  formation  on  the  geological  map  of 
Pennsylvania  is,  therefore,  erroneous,  for  the  "Oneida"  sandstone,  which 
forms  the  Front  Eidge  northeast  of  the  Susquehanna  Gap,  is  the  much 
younger  Shawangunk,  while  the  "Oneida"  of  that  gap  in  the  Tutwarora. 
In  the  ridges  to  the  westward  the  Tuscarora  and  the  underlying  Juniata, 
mapped  as  Me<1ina,  represent,  res  [Actively,  the  Oneida,  with  perhaps 
some  Medina,  and  the  underlying  Queenston  shales  of  Upper  Ordovicic 
age,  as  first  pointed  out  by  me  in  190,5,  Finally,  the  "Oneida"  of  the 
westernmost  monoclines  or  Bald  Eagle  Mountain  and  of  some  of  the 
ridges  to  the  east,  is  a  still  older  conglomerate,  the  Bald  Eagle,  now  re- 
garded as  of  Tjorraine  age.  To  this  conglomerate  I  at  first  gave  the  name 
Tyrone  conglomerate'*  from  Tyrone  Gap,  a  name  which  was,  however, 
preoocupied,  and  so  I  was  forced  to  change  it  to  Bald  Eagle  conglomerate. 
The  equivalency  of  the  Oswego  sandstone  with  the  upper  part  of  this 
sandstone  I  pointed  out  at  the  Baltimore  meeting  of  Section  E  of  the 

»  Bun.  eo.  Nfw  York  State  Huaeuni,  pp.  342-3S8. 
"Bun.  lOT.  Nnr  York  State  Mnaeum.  pp.  2n-ns. 

"lohn  H.  Clarke;  Tbe  Rurrptpnia  ehnif  of  ibe  Shawangunk  Mounlalnn  In  pantrrn 
New  York.     Ibid.,  pp.  SeR-.IIO.  plates  I-tIII. 

"  Science,  n.  »..  vol.  iili.  p.  SR5.  inon.  , 
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American  Association  for  the  Advancement  of  Science,  in  connection 
with  the  Symposium  on  Correlation  {subsequently  published).  The 
validity  of  this  correlation  will  be  more  fully  discussed  in  the  subsequent 
pages  of  this  "paper. 

THS  EOVTHERN  BECTtOfiB 

In  eastern  Tennessee  and  adjoining  districts  of  the  Virginias  on  the 
north  and  Georgia- Alabama  on  the  south  there  are  two  series  of  deposits, 
which  have  as  a  rule  been  identified  with  the  "red  and  white  Medina"  of 
Pennsylvania  and  with  the  Medina  as  a  whole  in  New  York.  The  lower 
of  these  is  a  red  sandstone  and  shale  resting  on  "Hudson  River"  (Sevier) 
shales.  From  this  at  various  times  fossils  of  Onlovicic  types  were  re- 
ported, especially  by  Stevenson,  but  its  correspondence  to  the  Medina  a.* 
a  whole  was  not  questioned,  the  fossils  being  regarded  as  mere  relics  of 
an  earlier  fauna  in  the  higher  be<ls.  To  this  formation  the  name  Bays 
sandstone  was  given  by  Campbell  in  ISSl,'"  who  regarded  it  as  "Reii 
Medina."  I  believe  1  was  the  first  to  point  out  that  these  beds,  as  well  as 
the  Juniata  of  Pennsylvania  and  the  Lower  Medina  (Queen^ou)  of  Xcw 
York  and  Canada,  were  of  the  age  of  the  Richmond  of  Ohio  and  Indi- 
ana", and  to  furnish  evidence  for  such  a  correlation."  The  late  Ordo- 
vicic  age  of  this  formation  has  since  been  generally  accepted,  though 
there  is  still  some  ditferencc  of  opinion  as  to  the  precise  correlation  of 
these  beds.    This  will  be  more  fully  discussed  beyond. 

The  upper  bed  or  "White  Me<]ina"  of  the  southern  region  was  origi- 
nally named  the  "Clinch  Mountain  sandstone"  by  Safford."  Campbell 
in  1894  renamed  it  the  Clinch  sandstone  (Io<:.  <:\i.)  and  correlated  it  with 
the  Medina-Oneida.  The  equivalency  of  this  to  the  true  Medina  of  Xew 
York  and  to  the  Oneida  conglomerate  is  now  generally  held.  Its  precise 
correlation  will  be  discussed  beyond. 

THE  SVCCESSIIE  DEPOSITS  IN  DETAIL 

In  general. — We  may  now  consider  each  of  these  deposits  in  detail, 
beginning  with  the  lowest,  the  Bald  Eagle  conglomerate,  and  endeavor  to 
trace  ont  the  relationship  of  each  series  to  the  earlier  and  contemporane- 
ous as  well  as  succeeding  formations.  From  their  character  and  mode 
of  occurrence,  we  may  then  attempt  to  determine  their  origin  and  mode 

'•Bull.  tlml.  8oc.  Am..  »ol.  v,  pp.  171-170. 

■•Scleacc,  loc.  ell.,   1905. 

"  8pctlD&  R.  Am.  Ahso.  Adr,  Scl..  Ba1Iimor«  MhCiir.  Dh..  mOR.  HrmiHHilum  on  l.'nr- 
rplstlon.  Journal  of  OeoloRy.  vol.  ivll.  Ree  ntw  Hcleate.  a.  n..  vol.  iili,  pp.  aSl-.ISfl. 
Veh„  IDDfi :  a  paper  rpajl  tietutv  Ibe  Confrrpncp  of  Fjixtcrn  <;eologlBtii  In  April,  inos. 

'•  flpoloslcat  rpconnalRnancp  in  Ihc  Stale  o(  Tennriwrp,  Ut  Report,  185fi.  p.  107. 
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of  formation.  As  I  have  studied  these  formations  for  many  years,  ex- 
amining practically  all  the  important  sections  from  the  Helderbergs 
southward  to  Georgia  and  westward  to  Michigan  and  Wisconsin,  and  as  I 
have  further  reviewed  the  literature  on  the  subject  and  have  studied  a 
large  amount  of  material  in  the  laboratory,  and  as,  moreover,  I  have  dis- 
cussed the  problems  of  these  formations  with  my  advanced  students  and 
colleagues  for  years,  I  may,  porliapw,  be  granted  the  right  and  ability  to 
offer  interpretations  wortliy  of  consideration.* 

The  Bald  Eagle  conglomerate. — In  the  region  of  its  best  development 
today  this  formation  is  1,319  feet  thick,  and  consials  of  gray  and  brown 
sandstones,  with  occasional  pebble  beds,  resting  directly  on  and  grading 
into  the  Upper  Martinsburg  (Hudson  Kivcr)  shales,  which  are  here  about 
700  feet  thick.  The  upper  part  of  the  Martinsburg  siiale  contains  a  few 
massive  calcareous  beds,  with  poorly  preserved  fossils.  Above  this  occur 
some  sandy  layers,  wliich  become  more  pronounced  upward  and  assume  a 
somewhat  eoncretiouarj'  character.  Finally,  sandy  beds  predominate, 
with  only  some  shaly  layers  between  tliem,  and  the  rock  gradually  bo- 
comes  a  solid  quartzite,  with  ripple-marked  layers.  A  red  bed  appears 
some  distanix;  up  in  the  scries,  but  red  on  the  whole  is  scarce  in  the  lower 
beds.  The  presence  of  one  such  bed,  however,  indicates  the  beginning  of 
conditions  permitting  complete  oxidation  of  the  iron  content  of  these 
sands  during  deposition,  a  condition  which  later  became  very  pronounced. 
Crumplings  and  sliekensided  surfaces  are  «>nimon  in  the  Bald  Eagle,  hut 
I  do  not  think  that  much  faulting  has  occurred.  The  present  thickue-'s 
of  the  series  is  essentially  its  original  thickness. 

The  age  of  the  Martinsburj^  sliale  is  certainly  Utica,  and  it  most  prob- 
ably also  includes  at  least  a  part  of  the  Eden.  ITirich,  indeed,  claims  to 
have  fossils  from  the  upper  beds,  which  indicate  that  they  belong  to  the 
Maysville  OrlhorhynchuJa  zone.  If  the  fauna!  evidence  is  no  more  con- 
clusive than  that  on  which  he  correlated  the  Upper  Martinsburg  shales 
of  the  Mereersbiirg-Chambersburg  area  with  the  Eden  (.see  beyond),  it 
may  readily  be  discarded.  I  have  collected  from  these  upper  beds  and 
carefully  examined  them,  and  T  know  that  fossils  on  the*  whole  are 
scarce,  as  well  as  poorly  preserved,  and  I  am  convinced  that  correlation 
by  the  few  found  is  a  hazardous  proceeding  unless  backed  up  by  inde- 
pendent stratigraphic  evidence.  Now,  it  is  just  this  independent  strati- 
graphic  evidence  which  is  against  such  a  correlation,  as  I  shall  proceed 
to  show.     Moreover,  Ortkorhi/nclntla  linneyi,  and  presumably  its  asso- 

•  I  iDDkr  thpw  BtBffnifrlB  In  nrotpst  of  (hp  hahlt.  rpppRtpdlT  ln<liil"ra  n  Is  r^rmn 
nrarlrra.  at  ol)1«tln(t  fo  my  pnrrplairons  m-riiup  I  wnn  iiofHinin-ir  with  Ihe  Bcctlons— 
olijrctlatm  which  ^nrraUr  ritdril  liy  Ihf  B(lii|>flon  of  my  mrrplatlnim. 
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t-iiittvl  fiiiiiia,  is  found  at  two  distiuct  horizon:- 
%  ill  tlie  riipor  Ortfovicic  of  Kentucky  and  mid- 
^  lile  Tennessw,  aifording  to  Mr.  Ulrich."  The 
jj  firat  in  ill  the  t'ntlieys  formation,  which  UlriHi 
II  places  between  the  Trenton  and  the  Utica  of 
*  New  Yorli.  As  I  Bhall  more  fully  allow  here- 
"  after,  and  have  Kltown  in  other  publications,  tilt- 
's utratifiraphic  break  between  the  Trenton  and 
■"  Utica  of  New  York  thus  postulate<l  by  Ulricli 
■=  is  absolutely  noii-exi stent.  The  Catheys  for- 
B  niation  of  the  Cincinnati  dome  is  merely  a  loi-ai 
i  phase  of  the  higher  Trenton,  higher,  of  course, 
15  than  tiie  New  York  Trenton,  and  represented 
&  in  New  York  by  htack  Utica  shale.  The  Utiea 
J  (Fulton)  shale  overlying  the  Tatheys  is  merely 
1  the  last  of  the  westward  transgressing  mud  dc- 
"  p;)sits,   which    slowly   displaced    the  calcareous 

1  sediments  of  the  interior.  This  black  mud  de- 
^  |H>sit,  the  Utica  shale  type  of  sediment,  is 
«  throughout  to  be  rcganled  as  the  stratigraphi<' 
^  equivalent  of  the  Trenton  limestone  series  as  a 
^  whole,  the  dividing  line  between  the  two  being 

2  a  diagonal  one  (figure  3). 

J  The   sw'ond   occurrence   of   Orthorhynrhula 

&  liimeyi  is  in  the  Fairmount  formation  of  the 

■^  Cincinnati    region.     This   formation,   80    feet 

E  thick,  is  the  lowest  member  of  the  Maysville 

=  series  and  overlies  the  Frankfort  or  Eden  shale 

-  of  the  ('iiR-iiiiiati  dome  region.     It  is  generally 

I  conehited    with   the  Lower   I'nlaski    formation 

="  of  New  York.     E.xnct  correlation  is  here  out  of 

£  the  question,  but  even  should  this  be  |x>ssible, 

a  it  does  not  follow  that  the  indications  of  the 

;  Orlliorlit/nrJiula   linnei/i   fauna    found    in    the 

■  Upper  Martinsburg  beds  of  the  Tyrone   Oap 

p  prove  this  to  be  of  Pulaski  age.     We  have  no 

.3  right  to  assume  that,  iiecause  this  fauna  o<-curs 

■]■  in  only  two  liorizons  in  the  Kentucky-Tennes- 

"'  sec  region,  it  can  not  also  oecnr  at  an  interme- 

Z  'iiate  liorinon  at  another  locality.     Indeed,  the 

'•  KpFlnlon  of  thp  Pnlpozok  SjBleroB.     Bull.  Owl.  8oc. 
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trilobite  Triarthnis  becki  is  a  case  in  point.  In  the  Cincinnati  region  it 
occurs  in  th«  Fulton  Shale  of  Upper  Utica  age,  5  feet  tliifk.  It  is  abst'ut 
in  the  Lower  Eden  or  Economy  zone,  80  feet  thick,  but  riappears  in  the 
i^outbgate  zone,  120  feet  thick,  this  reappearanc-e  being,  according  to 
Ulrioh,  about  150  feet  above  the  Fulton.  In  New  York,  on  th«;  otiier 
hand,  my  students  and  I  have  collected  this  trilobite  from  the  Upper 
[7tica  as  well  utt  the  Frankfort  shale.  Indeed,  it  o<rurs  in  the  basal  1" 
feet  of  the  Idartinsburg  shale  (Uttca  shale  in  the  widest  sense),  which  is 
of  the  horizon  of  the  Lower  Trenton.  Limited  thus  to  two  restricted 
horizons  in  Cincinnati,  this  trilobite  has  a  wide  range  where  the  dark 
mude  of  the  Utica  type  have  a  wide  range  and  where  presumably  the 
conditions  of  its  esistence  were  maintained. 

If  we  now  turn  to  the  otlier  outcrops  of  the  Bald  Eagle  formation,  wc 
find  a  steady  decrease  in  the  thickness  of  this  formation,  both  to  the 
north  and  the  south  in  Bald  Eagle  Ridge.  Thirty  miles  to  t1ie  northeast, 
at  Bellefoute  Gap,  the  thickness  has  diminished  to  550  feet.  This  dimi- 
nution is  brought  about  by  the  failure  of  the  lower  beds  and  a  consequent 
overlap  of  the  higher,  as  indicated  by  the  relation  of  the  upper  beds  to 
the  succeeding  red  sedimentation.  These  upper  beds  are  greenish  gray, 
somewhat  ochery  and  micaceous  sandstones,  with  intercalated  greenish 
shales,  while  the  lower  series,  170  feet  in  thickness,  is  a  hard  gray  sand- 
stone without  pebbles.  It  is  thus  seen  that  the  formation  has  not  only 
thinned,  but  has  also  changed  in  character  away  from  the  region  whicli 
mu^t  be  regarded  as  nearest  to  the  source  of  supply.  The  Hudson  scries, 
at  the  base  of  the  section  in  Bellefonte  Cap,  has  a  total  thickness  of  about 
1,000  feet.  Personal  observation  has  convinced  me  that  it  is  absolutely 
continuous  stratigraphically  with  the  Upper  Trenton  limestone  of  this 
section,  which  is  603  feet  thick,  according  to  Collie.^"  The  Trenton  lime- 
atone  here  is  characterized  by  Trematw  terminaHn,  Trinuclem  conrenlri- 
cus,  Dalmanella  testudiaaria,  and  many  other  typical  Trenton  fossils.  In 
the  upper  beds  the  black  shales  appear  as  intercalated  members,  becom- 
ing more  important  upward  with  the  failure  of  the  limestones.  _  Finally, 
black  shales  predominate,  with  only  a  few  tliln  limestone  beds  in  tlie 
basal  part.  Dalmanella  testudinaria  and  Ixoielex  plati/cephalus  still 
occur,  but  the  shales  are  especially  characterized  by  Triarthnis  becH, 
which,  according  to  Collie,  ranges  through  the  lower  ^00  feet  of  these 
shales.  The  next  350  feet  of  the  series  consists  of  ferruginous  shales, 
alternating  with  fissile  black  and  brown  shales,  containing  nodules  of 
iron  pyrites;  these  in  turn  are  succeeded  by  brown,  red,  and  gray  soft 

"  BnU.  G«ol.  Sot  Am..  toI.  14,  p.  412, 
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shales.  This  fomiatJoii  apparently  represents  the  Frankfort  division. 
though  fossils  have  not  been  found.  The  terminal  350  feet  of  the  strata 
consists  of  soft  gray  and  brown  shales,  alternating  with  black,  slaty 
shales,  and  carrying  thin  sandstone  beds  and  occasionally  ferniginoas 
limestones  containing  fossils.  The  following  species  are  listed  from  these 
beds  by  Collie  (loc.  cit.,  page  417) : 
1.  Cali/mmfiie  callicrfihala 

•  2.  Cyrtolitcs  omatug  Conrad 

3.  hfiphfiKfira  acuminata  Ulrlch 

4,  Protoitarthia  planitlorsata  Ulricb 
6,  TitK-honfina  tiititlun)  Ulrioh 

•  0.  Rormtiloma  gracing  (Hall) 

•  7.  Archinacclla  palelliformis  (Hnll> 

•  8.  Mo^iolopsig  miiijiotartii  fonrnd 
9.  CtenwUmia  pectutiCHlniileg  Hall 

tlO.  Orth'i'iP'mH  nanuUim  (Hnll) 
•11.  Clcidopbunin  plaiiiilaliig  (Conrad) 
tl2.  Ctenodotita  lirata  (Halt) 
*13.  Lyrodegma  puatalrialuta  (EmoionB) 

14.  ByggfmjIcMa  ciiiciiinaliciiHit  Miller 

15.  Orlhorhyiichula  llnncffi  (James) 

16.  Rafineequina  gquamula  James 

17.  Dalmanella  textudlnaria  multhccta  Meek 
tl8.  Zygonpim  modcgta  Hall 

10.  Plali/gli-ophia  If/nx  (Eicbwakl) 
20.  Arthrop'/ra  schafferi  Meek 

We  recogniiie  here  a  number  of  characteristic  species  of  the  Pulaski 
shales  of  New  York.  These  have  been  marked  by  an  asterisk  {•),  othcK 
marked  by  a  dagger  ( f )  being  more  characteristic  of  the  Trenton  of  Xew 
York.  In  the  Cincinnati  region  numbers  1  and  7  occur  in  the  Upper 
Trenton  or  Point  Pleasant  bods,  number  1,  Calymmene  callicephaJa,  fur- 
ther ranging  through  the  entire  Cincinnatian  (Eden  to  Richmond,  in- 
clusive), as  does  also  number  18.  Dalmanella  iiiultixerta  {number  IT) 
and  Cteidophorus  planulata.t  {number  11)  range  through  the  entiw 
Eden,  the  first  extending  also  into  the  Mount  Hope  member  of  the  1*'- 
raine.  Number  2  ranges  through  the  entire  Maysvillian  of  the  Cinfiii- 
nati  region  and  into  the  Ijower  Richmond,  Numbers  7  and  13  occur  iH' 
the  lowest  or  Economy  member  of  the  Eden,  numbera  4,  5,  7,  16  in  the 
middle  or  Southgatc  member  of  the  Eden,  numbera  9,  17  in  the  lowest 
Maysvillian  (Mount  Hope  member),  numbers  8,  9,  10,  15,  and  16  in  tlif 
second  or  Fairmount  member,  and  number  20  in  the  fourth  or  Coriyvilk 
member  of  the  Maysvillian,  while  Platyxirophia  lynx  (number  1S  = 
P.  ponderosa,  Foerste)   is  the  typical  fossil  of  the  Mount  Auburn  of 
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uppermost  Maysvillian.  Here  also  occurs  again  the  Bryozoan  Arthropora 
schageri,  though  it  has  varieties  in  lower  and  higher  beds.  Finally, 
Lophospira  acuminata  (number  3)  occurs  in  the  Middle  Richmond  of 
the  Cincinnati  re^on. 

If  the  identifications  are  correct,  and  Mr,  Collie  cites  Beecher,  Schu- 
c-hert,  and  Ulrich  as  authorities  aiding  him  in  the  identifications,  we  have 
here  an  illustration  of  the  impossibiiity  of  correlating  the  Appalachian 
beds  with  any  of  the  specific  horiKona  of  the  Cincinnati  region.*  Alto- 
gether, we  may  class  these  beds  as  the  equivalent  of  the  Fulaski  of  New 
York,  and  probably  as  the  equivalent  of  the  lower  part  only,  the  upper 
division,  together  with  the  Oswego,  being  here  represented  by  the  Bald 
Eagle  conglomerate. 

Farther  northeast  along  t)ie  Bald  Eagle  Kidge,  at  Mill  Hall  Gap,  the 
thickness  of  the  basal  sandstones  iwenis  to  liave  increased  somewhat,  being 
901  feet."  It  consists  of  188  feet  of  hard,  massive  sandstone  immediately 
below  the  Red  Juniata,  mostly  white  or  speckled  with  iron,  beneath  which 
occur  118  feet  of  softer  sandstones  and  shales,  some  of  them  red.  If  we 
add  these  to  the  Juniata  series,  the  thickness  of  the  Bald  Eagle  becomes 
reduced  to  595  feet.  They  are  hard,  massive  sandstones  for  the  most 
part,  with  some  greenish  gray  speckled  beds.  In  many  cases  the  speck- 
ling is  dne  to  decomposed  feldspar;  in  others  to  iron  pyrites.  Finally,  in 
the  Bald  Eagle  gaps  of  Lycoming  County,  the  formation  is  reduced  to 
about  76  feet  of  hard  sandstone.''  This  is  the  northern  and  eastern  ex- 
posure of  the  rock  in  Pennsylvania.  In  all  cases  the  formation  rests  on 
the  Hudson  River  group  of  shales  and  sandstones,  but  whether  the  con- 
tact is  a  conformable  and  gradational  one  or  whether  a  disconformity 
and  a  hiatus  exist  has  not  yet  been  ascertained,  largely  for  lack  of  satis- 
factory exposures.  I  am  of  the  opinion,  however,  that  where  found  the 
contact  will  for  the  most  part,  be  a  conformable  one,  as  at  Tyrone  Gap, 
the  lower  beds  grading  into  the  upper.  If  a  disconformity  exists,  I  be- 
lieve that  it  is  local  and  small,  and  such  as  may  be  expected  when  a  con- 
tinental series  replaces  a  marine  one. 

Southward  the  thinning  of  the  Bald  Eagle  beds  is  more  rapid.  Tn  the 
main  gap  entering  Mitligans  Cove  of  Wills  Mountain,  the  southward 

*  In  this  connection  It  may  be  well  lo  call  altenllon  to  b  complete  ahlCtlng  ot  an 
entire  fauna  natward  In  the  Hamilton  of  New  York.  occurrlDi;  benpatti  Ibe  Encrlnal  or 
Moras  Creek  llmealone  on  Lake  ErLe  aod  above  II  Id  tbe  (ienesee  VaUcy  (see  Faunas  of 
(be  Hamilton  Group  ot  Elghleen  Mile  Creek  by  A.  W.  Rrabau.  151h  Ann.  Keport  New 
Tork  State  Geolqglat,  p.  .127  (t>.  ETldently  tllrlch'a  curl  dlamliiBal  of  the  subject  of 
abirtlng  (aunaa,  ao  ably  expounded  by  n'llllBma.  Is  due  to  hia  lack  of  familiarity  witb 
ancb  exam  plea. 

■  n.  H.  Chance :  Report  G  i,  rilptnn  County,  p.  ISO. 

>  F.  Piatt :  Report  G  2,  p.  28. 
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continuation  of  Bald  Eagle  Kidge,  it  is  only  100  feet  thick  and  repre- 
sented by  a  gray  sandstone,  Rogers  and  Jackson"  suspect  there  may  be 
some  reduction  by  faulting  here,  but  even  if  so  this  can  not  be  very  much. 
Klaewhere  in  Bedford  County,  south  of  Morrisons  Cove,  the  Bald  Eagle 
is  not  recognizable.  In  the  westward  section  this  is  partly  due  to  the 
fact  that  the  plunge  of  the  folds  carries  it  below  erosion  level,  and  we  are 
thus  unable  to  trace  its  southwestern  extent.  Thus  where  Wills  Creek 
cuts  through  Wills  Mountain  in  Allegany  County,  Maryland,  the  lowest 
formation  shown  is  the  Juniata,  the  Bald  Eagle  not  appearing,  Never- 
tbeless,  there  is  every  reason  for  believing  that  the  formation  soon  dies 
out  in  this  direction. 

Its  occurrence  in  other  gaps  is  well  described  in  Lesley's  summary"  as 
follows:  "Gray  sandstones  .  .  .  appear  in  Ravers  Creek  Gap  through 
Tussey  [Mountain],  on  tlie  Henrietta  road  in  Woodberry  township,  and 
obscurely  at  two  places  on  Bunnings  Mountain;  but  Oneida  [Bald 
Eagle]  beds  are  certainly  absent  along  the  liaystown  Juniata,  in  both 
Tussey  and  Evitts  Mountain  gaps.  In  fact  Oneida  [Bald  Eagle]  sand- 
stone beds  were  seen  by  him  [Stevenson]  at  no  locality  in  Bedford  County 
more  than  35  inches  thick.  At  the  two  places  last  mentioned  there  can 
be  no  question  of  concealment  by  faults,  for  the  top  layers  of  number  3 
[Hudson  River  beds]  are  regularly  overlaid  by  Medina  [Juniata]  red  or 
brownish  red  shales,  containing  two  fossils  which  unmistakably  belong  to 
that  division  (Ambont/chia  [Ryssonychia]  radiata  and  Rhynchonella 
capax  [perhaps  Orthorhynchula  Hnnei/i]),  and  the  Hudson  River  slates 
pass  without  any  break  of  sequence  upward  into  Medina  [Juniata.] 
slates."  Northeastward  in  Tussey  Mountain  the  Bald  Eagle  and  Juniata 
ETe  not  shown,  the  Tuscarora  forming  the  base  .of  the  mountain,  and 
resting  here  by  overtlirust  on  the  Hudson  beds,  cutting  out  locally  the 
lower  sandstones  and  red  beds.  In  Logans  Gap,  however,  through  Jacks 
Mountain,  almost  due  east  of  TynJne  Gap,  the  Bald  Eagle  is  well 
developed,  resting  on  about  3,300  feet  of  Martinsbnrg  shales.  The 
basal  member  is  310  feet  thick  and  consists  of  hard,  greenish  gray  sand- 
stone, mixed  witli  pebbles  of  quartz  smaller  than  those  in  the  upper  part, 
and  liardj  fine-grained  sandstone,  with  small  scattered  pebbles  and  much 
disseminated  iron  oxide.  The  upper  division  consists  of  massive  sand- 
stones, reddish  in  color,  full  of  small  pebbles,  which  in  some  places  be- 
come as  large  as  hen's  egga.  It  also  has  a  thickness  of  310  feet,  giving  a 
total  of  620  feet  for  the  series.  It  is  significant  that  these  beds  are  much 
coarser  than  those  farther  west,  showing  a  closer  approach  to  the  source 
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of  the  material.  In  these  beds  I  have  observed  a  remarkably  fine  devel- 
opment of  cross-bedding,  mostly  of  the  torrential  type.  The  diminished 
thickness  may  be  in  part  due  to  erosion,  during  the  deposition  elsewhere 
of  the  lower  Juniata  beds,  and  in  part  to  original  difference  in  deposition. 
About  25  miles  west  of  Logan  Gap,  where  the  Juniata  breaks  through  the 
mountain  at  Jacks  Narrows,  only  the  upper  250  feet  of  the  Bald  Kagle 
are  brought  up  in  the  center  of  the  antitline.  They  are  greenish  white, 
hard  sandstones,  generally  free  from  pebbles.  That  the  beds  do  not  ap- 
pear farther  eastward,  where  higher  formations  rest  on  disturbed  Hudson 
strata,  is  due  to  the  erosion  which  followed  the  late  Ordovicic  or  early 
Siluric  folding  of  the  eastern  strata  and  which  occupied  all  of  early 
Siluric  time. 

If  we  turn  now  to  the  easternmost  ridges,  we  find  that  the  Bald  Eag^e 
is  absent  in  the  Blue  Mountain  Ridge  on  the  Susquehanna  above  Ilarris- 
burg,  where  red  beds,  followed  hy  Tusearora  sandstone,  rest  on  the  Hud- 
son River  series,  which  apparently  is  slightly  disturbed  here  (see  be- 
yond). These  Hudson  beds  themselves  are  rather  hard,  though  as  a  rule 
thin-bedded  sandstones  alternating  with  shales,  in  which  repeated  search 
has  as  yet  failed  to  reveal  fossils.  That  these  sandstones  are  the  strati- 
graphic  equivalents,  in  part  at  least,  of  the  Bald  Eagle  seems  most  prob- 
able, unless  there  is  more  of  a  hiatus  here  thaji  we  at  present  suspect. 
They  are  more  arenaceous  in  texture  than  the  Utica  shales  which  under- 
lie the  Bald  Eagle  and  rest  on  the  Trenton  in  the  Bald  Eagle  Kidge. 

Southward,  throughout  eastern  Perry  and  Franklin  counties,  Pennsyl- 
vania, the  Bald  Eagle  formation  is  absent.  The  Upper  Ordovicic  of  these 
sections  in  general  begins  with  the  Martinsburg  shale  series,  together 
with  some  of  the  underlying  calcareous  beds  referred  to  the  Trenton,*' 
The  shale  here  replaces  very  largely  the  Trenton  limestone,  including  in 
it«  lower  portion  fossils  of  this  horizon,  while  its  upper  part  corresponds, 
acfwrding  to  the  determinations  of  Ulrich,  to  the  Utica  and  Lorraine  of 
the  New  York  section.  In  the  Mercersburg  region,  Franklin  County,  the 
Martinsburg  shale  is  2,000  feet  thick,  the  lower  800  feet  consisting  of  a 
black,  fissile  shale,  closely  resembling  the  Utica  shale  of  New  York  and 
carrying  calcareous  layers  at  the  base,  while  the  upper  1,200  feet  is 
"sandy  and  calcareous,  with  locally  hard  siliceous  beds,  and  grades  up- 
ward into  ferruginous  sandstones  referred  to  the  Juniata  formation."** 
The  upper  beds  are  also  coarser,  massive,  and  arkosic.    The  upper  part  of 

"  Upper  Cbambenburg  nmeBtone :  eee  O.  W.  StoK,  Uercersburg-Chamberaburg  qaad- 
nn^c.    v.  a.  Ocoloslcal  Buirer  Folio  170.  p.  10. 

■  Q.   W.  StMe  and  Cbarlei  K.   Bwarta ;  Pawpaw-Haocoek  PoUo  179,   p.  3 ;  lec  4lio 
UercrnburB-CIiambfTaburg  quadrangle.  No.  170,  p.  10. 
XXIX— Ddu..  Oml.  &0C.  Am.,  Vol.  St,  1013 


Digitized  bvGoOgIc 


418       A.  W.  GRABAU PALEOZOIC  DELTA  DEPOSITS  OF  NORTH  AMERICA 

the  MartiiiBburg  series  is  suiTideiitly  arenateous  to  be  classed  as  a  saiid- 
stone,  and  is  separately  inappLHl  as  such  in  the  UhamberBburg  quadrangle. 
where  its  thickness  is  COO  feet.  It  is  here  exceptionally  hard,  coarse- 
grained, thick -bed  de<l,  and  easily  recognized.  "This  rock  where  fresh  is 
a  greenish  gray  arkose,  composed  of  grains  of  sand  and  feldspar;  the 
latter  has  been  decomposed  to  kaolin,  giving  tlie  rock  a  speckled  appear- 
ance. Toward  the  base  it  is  iuterbedded  with  shale  and  merges  into  the 
shale  below.""  "In  coarse,  brown  sandstone  near  the  top  of  the  forma- 
tion large  Pleclainboniles,  Rafinesquina  sguamula,  and  Zygospira  mo- 
desta  were  obtained,  and  in  massive  mottled  yellowish  green  sandstone 
merging  into  the  overlying  Juniata  formation  poorly  preserred  Rafines- 
quina aliernaia  were  found."  "  These  faunas  are  correlated  by  Ulrich 
with  the  Eden  of  Cincinnati  and  the  Lower  Lorraine  (Frankfort)  of 
New  York.  I  desire  to  caill  attention  to  the  fact  that  the  upper  beds  are 
arkoses,  indicating  semi-arid  conditions  under  which  the  original  rocks 
from  which  the  sands  are  derived  were  di8integrat«d,*  and  that  this 
aeries  grades  upward  into  the  overlying  Juniata  red  sandstones  and 
shales,  the  character  of  which  further  indicates  relative  aridity  of  climate. 
Stose  and  Swartz  cite  Ulrieh's  opinion  that  the  typical  Juniata  of  Penn- 
aylvauia  is  younger  than  that  of  Maryland,  Virginia,  and  Tennessee, 
which  latter  he  regards  as  of  the  age  of  the  Oswego  sandstone  of  New 
York,  while  the  Juniata  of  central  Pennsylvania  is  of  the  age  of  the 
Queenston  shales  ( Paw  paw -Hancock  Folio,  page  4).  In  his  correlation 
table,  TJlrich  places  the  red  sandstones  of  Maryland,  Virginia,  and  Ten- 
nessee (Bays  sandstone  of  the  latter)  even  lower,  making  them  the 
equivalent  of  the  Pulaski  shales,  and  actually  placing  the  Bald  Eagle 
sandstone  at  a  higher  horizon.  The  validity  of  this  assumption  may  now 
be  considered. 

The  basal  beds  of  the  sandstone  series  in  the  Mercersburg  area,  where 
its  thickness  is  1,200  feet,  are  a  soft  yellow  sandstone  exposed  on  the 
Mercersburg  pike,  ly^  milcH  southeast  of  McConnellsburg,  and  here  the 
following  fossils  have  been  obtained  by  Stose: 

1.  S^nteota  of  uiideternilned  cj-stid  columns 

2.  Ptectainbonites  sti-iceux   (tilin  small  varied') 

3.  Lepidocoleus  iamesi 

4.  Calvmrnffie  caJli':fphaIu» 

5.  DatmancUa  multisecta 

rt!-Oh»inberabure  quadrnagle.  p.  10. 

e  lodaj'  fonnlDic  Id  thp  Clulf  of  CaUtonila,  wbere  tbr  lac*!  gruiillc 
(Ipr  Uir  nrld  climatic  conditions  due  to  the  intprcepllan  ot  lti« 
ft  raDe^K.  DpcomiwallioD  Is  practically  absmt,  and  thr  dliln'^ 
dsported  by  the  rxcpptloDal  Bhppt  OoodB  wblch  occur  In  tbiti  mIoD. 
(S«e  W  J  McGw ;  The  rormilloD  ot  arkow.    Science,  d.  a.,  vol.  4,  1806,  pp,  942-603.} 
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In  the  ravine  below  Cowan  Gap,  a  blue  fossiliferous  calcareous  sandstone 
is  exposed  weathering  into  "a  soft,  purous  yellow,  fine-grained  mudstone." 
This  is  regarded  by  Stose  a^  probably  higher  in  the  series  than  the  pre- 
ceding. It  baa  furnished,  besides. numbers  .3,  4,  and  5  uf  the  above  list, 
the  following  species  (Stose,  loc.  cit.) : 

6.  Callopora  giuillarotdea 

7.  Heclantbonilca  xcricoM  <lorge  variety) 

8.  Zygoipira  nmdeata  var. 

9.  Orthocera»  transvereum  t 

10.  Trinttcleu*  concenlricut  ? 

In  coarse,  brown  sandstone  near  the  top  of  the  formation  besides  large 
Plectambonites  (probably  number  7)  the  following  were  found: 

11.  Bafinegquina  s<iuaniula 

12.  Zii{io»pira  modeata 

Finally,  tn  massive  mottled,  yellowish  green  sandstone,  merging  into  the 
overlying  Juniata  formation,  Stose  found  poorly  preserved  specimens  of: 

13.  Ra/tnesquina  altemala 

Analyzing  the  above  meager  faunas,  we  note  that  Plectambonites  sericeua 
ranges  from  the  Stones  River  to  the  Maquoketa  in  the  Upper  Uissiasippi 
Valley,  from  the  Stones  Eiver  to  the  Richmond  in  the  Cincinnati  region, 
and  from  the  Trenton  through  the  Lorraine  in  \ew  York.  The  barnacle 
Lepidocoleas  jamesi  has  been  found  in  the  Upper  Trenton  beds  of  the 
Cincinnati  region  and  ranges  through  the  Eden  and  through  the  Mays- 
ville.  In  New  York  it  ranges  from  the  Trenton  to  the  Lorraine.  Calym- 
ment  callicephcUus,  a  form  characterizing  the  lower  sandstone  beds, 
ranges  from  the  Trenton  to  the  Richmond  in  the  Cincinnati  and  Upper 
Mississippi  regions,  and  from  the  Trenton  to  the  Lorraine  in  New  York 
and  Canada.  DalmaneUa  mullisecia  was  originally  described  from  the 
lower  200  feet  of  the  Cincinnati  beds  at  Cincinnati,  where  it  is  abundant. 
These  represent  the  Eden  horizon  of  the  Cincinnati  group,  but  the  Kpecies 
is  also  found  in  great  abundance  in  the  Mount  Hope  or  I^ower  Mayaville 
beds  of  that  region.  It  is  also  found,  though  rarely,  in  the  Maquoketa 
shales  of  Iowa."  The  Bryozoan  CaUopora  xiffillaroUha  (Ulrich)  (=C 
onealli  var.  sigillaroides  (Nicholson),  according  to  Bassler)  occurs  in  the 
Eden  beds  of  the  Cincinnati  region.  I  have  not  found  it  recorded  from 
higher  horizons.  Orthoceras  tmnsversum  and  Trinurleiis  concntrirus 
are  doubtfully  identified.     The  first  of  these  was  originallj'  described 


AmcrtciD  GraloslBt,  toI.  xtx,  ISDT,  ] 
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from  the  Eden  beds  of  the  Cincinnati  group."  The  Trilobite  Trinuclev^ 
conceniricus  occurs  in  the  Upper  Trentou  limestone  of  New  York,  but  it 
is  even  more  abundant  in  the  Pulaski  shales  occurring,  according  to  Hall 
(Paleontology  of  New  York,  volume  I),  in  the  highest  bede  at  Pulsski 
and  Lorraine.  Ra/inesquina  srjuamula  Jauiea  was  originally  described 
from  the  Lorraine  (Maynville)  beds  of  the  CinL-innati  region,  where  it 
abounds  in  the  Faimiount  bed,  Sehucliert  gives  thia  as  the  only  horiwii 
and  locality,  but  Nlckles  also  lists  it  [rum  the  SJouthgat«  or  middle  mem- 
ber of  the  Eden.'*  Zygospira  modesla  ranges  from  the  Edeu  to  the 
Bichmond,  being  also  found  in  the  Upper  Bichmond  or  Maquoketa  of  the 
Upper  Mississippi  Valley.  Finally,  Hafinesquina  aHemata  ranges  from 
the  Upper  Black  River  to  the  Bichmond  in  the  Cincinnati  region  aod 
from  the  Trenton  to  the  top  of  the  Lorraine  in  New  York, 

These  faunas,  tlieref<»rt',  nhow  the  series  in  question  to  be  of  Upper 
Ordovtcic  age  (Trentonian  of  (Jrabau),  but  as  to  the  precirte  correlation 
there  is  very  little  evidence.  Stose  cites  Ulrit-h  as  favoring  a  correlation 
with  the  Eden  of  the  Cincinnati  section  and  the  Ijower  Lorraine  (Frank- 
fort) of  New  York.  For  such  a  correlation  there  is  only  one  species,  the 
Bryozoan  Callopora  sigiUarohlea,  the  others  having  a  wide  range.  Slill 
we  may  accept  the  Eden  age  of  the  In-ds  so  characterized,  but  then  it  ap-. 
pears  that  this  species  Is  found  only  in  the  lower  (almost  the  basal)  beili: 
of  the  1,300  feet  of  sandstones.  This  portion  might  very  well  be  of  Eden 
age,  but  that  does  not  imply  that  the  upper  beds  are  necessarily  so.  In- 
deed, the  fossils  show  that  this  is  not  the  case.  True,  aB  the  fossils  found 
are  of  wide  range,  but  on  the  whole  they  are  more  characteristic  of  Pu- 
laski than  of  Frankfort  age.  If,  then,  we  may  consider  with  Ulrich  the 
lower  beds  as  of  Eden  age  on  the  strength  of  a  Bryozoan,  we  may  with 
equal  propriety  consider  the  upper  beds  of  Upper  Ijorraine  or  Pulaski  if 
not  Oswego  age  on  the  strength  of  the  brachiopod  Rafinesquina  sqttamula 
James,  especially  since  there  are  no  species  confined  to  any  other  horiiion. 
Furthermore,  if  the  basal  beds  of  a  series  of  strata  1,200  feet  thick  are  of 
Eden  age,  the  top  of  that  serieH  must  certainly  be  of  late  Pulaski  or 
Oswego  age. 

I  must  here  strongly  insist  on  the  inadequacy  of  all  such  correlation 
when  unsupported  by  other  than  fossil  evidence.  First  of  all,  the  raufn" 
of  rare  species  ia  by  no  means  established,  and,  secondly,  we  have  abun- 
dant evidence  tiiat  species  confined  to  certain  horizons  in  one  locality 
may  transcend  that  horizon  in  another.     In  the  present  case,  Ulrich'a 


*  S.  A.  HlUer :  rinclnnati  Quart.  Jour.  Rcl.,  vol.  S3,  p.  129. 

■J.  M.  Nicki™:  The  Beolotty  of  riDclDnall.     Jour.  CInclDnsIl  Soe.  N«t.  IIUilDrf.  i 
II,  No.  2.  pp.  49-100. 
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correlfttioD  of  the  upper  beds  with  Eden  ia  unsupported  by  fossils  and  by 
other  stratigraphic  evidence,  to  be  noted  presently,  while  my  correlation 
of  these  beds  with  Upper  Lorraine  is  not  only  supported  by  fossils,  but  is 
rendered  next  to  imperative  by  the  relationships  of  the  strata. 

The  poflt-Trenton  rocks  of  the  region  between  Utica  and  Watertown 
comprise  at  the  base  the  Utica  shale,  alwut  600  feet  thick,  the  Frankfort 
shale,  and  the  Pulaski  shale,  the  two  together  constituting  the  Lorraine 
group.  Above  these  comes  the  white  Oswego  sandstone,  which  has  a 
thickness  on  the  Salmon  River  of  about  110  feet,  and  at  Oswego  is  suc- 
ceeded by  the  red  beds.  There  is  no  break  in  the  series  of  strata  from 
the  Trenton  to  the  Oswego,  each  grading  into  the  other.  Ulrich,  to  be 
sure,  separates  the  Trenton  and  Utica  of  this  region  (north  central  New 
York)  by  a  break,  but  this  is  an  absolutely  unwarranted  proceeding  and 
evidently  done  to  fit  a  theoretical  scheme  of  correlation,  which  has  no 
sound  basis  in  fact. 

Observation  after  observation  shows  that  the  Trenton  and  Utica  are 
formations  representing  continuous  deiHisition.  The  evidence  is  abso- 
lutely conclusive  that  the  Trenton  type  of  sedimentation  is  gradually  re- 
placed by  the  Utica  type.  Indeed,  the  Utica  type  of  mud  began  while 
Trenton  conditions  were  still  dominant^that  is,  while  in  the  main  the 
organic  limestones  were  accumulating,  the  black  muds  repeatedly  in- 
vaded the  region  of  such  dejOTsition,  thin  rt'sulting  in  the  formation  of 
intercalated  layers  of  black  shale  between  the  limestone  beds.  The  whales 
commonly  contain  the  Utica  graptolites  and  Hie  limestone  the  Trenton 
fauna.  As  I  have  repeatedly  stated,  the  black  mud  phase  which  consti- 
tutes the  Utica  shale  of  Utica  and  of  the  region  to  the  northwest  is 
merely  an  eastern  mud  phase  of  the  Trenton  type  of  deposition,  which 
was  organic  limestone.  Eastward  the  mud  de|>osition  iH'gan  earlier;  the 
black  shales  are  thicker  and  the  limestone  thinner.  The  black  muds  have, 
of  course,  their  distinctive  fauna,  chiefly  graptolites  and  such  trilobites  as 
Triarthrus  becH.  This  latter  is  cited  by  ITIrich  from  the  basal  10  feet 
of  the  Martinsburg  shales.  I  have  elsewhere  stated  that  I  regarded  the 
Ijower  Martinsburg  shale  of  eastern  Pouusylvanla  aa  the  mud  equivalent 
of  tlie  Trenton  limestone  of  Pennsylvania,  and  I  may  reiterate  here  that 
I  consider  the  lower  800  or  1,000  feet  of  the  Martinsburg,  which  litho- 
logically  has  the  character  of  the  Utica,  the  real  Ti^tica  in  the  wider  sense 
of  the  term,  namely,  that  it  is  the  black  mud  facies  which  in  central 
Pennsylvania  (Center  County,  etcetera)  is  represented  by  Trenton  lime- 
ntone  and  thin  shale.  In  the  same  way  I  consider  the  Lower  Utica  shale 
and  intercalated  sandstones  of  the  ca-stem  part  of  the  Mohawk  Valley, 
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now  rallefl  the  ('anajoliarie  sliale,  the  stratigraphiL'  equivalent  of  the 
Trenton  limestone  of  the  type  section.  That  this  shale  containij  some 
graptolites  not  found  in  the  higher  horizons  is  to  be  expected.  The  fol- 
lowing speeies  seem  to  characterize  these  lower  beds,  according  to  Ruede- 
mann  :■' 

1.  Coninoidca  curtun  Lapworth 

2.  GUi»»ograptu»  quaArim«crf»iata»  (Hull) 
■A.  O.  ffucbari*  (Hall) 

4.  Lanioi/rapluK  bUnucroiiatun  uiut  timidu«  RuedeuiaiiQ 
!f.  Clitiiacograiitug  putniug  (Hall) 
C  Climacograptus  typhnlig  Hall 

The  last  of  these  seems  to  come  in  somewhat  later  than  the  others 
(Ruedemann)."  The  species  listed  under  numbers  2,  3,  and  6,  Doctor 
Huedemann  says  (loc,  eit,,  page  34),  "the  collector  meets  in  almost  every 
outcrop  of  the  typical  TJtica  shale  in  both  Canada  and  New  York." 
Corynoides  rurlus  seems  to  be  one  of  the  graptolites  restric-ted  to  the 
lower  mud  beds  which  are  found  only  in  the  eastern  area  and  are  repre- 
wntcd  by  limcNtoncs  westward.  That  the  Upper  Utica  shale  as  exposed 
in  the  type  section  and  northward  is  the  equivalent  of  the  Upper  Trenton 
limestone  westward  I  have  no  doubt.  Westward  the  Trenton  limestone 
thickens  to  650  feet  or  more  in  Oswego  County  and  northward,  while  the 
Utica  thins  to  150  feet  at  Central  Square  and  113  feet  at  Stillwater,  At 
Pulaski  the  Utica  comprises  from  100  to  250  feet  and  at  Sandy  Creek, 
Oswego  County,  from  250  to  300  fcet,'^  In  western  New  York  the  Tren- 
ton limestone  is,  unfortunately,  not  open  to  observation,  but  from  its  in- 
creaseil  thickness  and  the  total  diminution  of  the  shale  between  it  and 
the  OswofT*)  sandstone  there  is  every  reason  for  believing  that  a  westward 
replacement  of  the  shale  by  limestone  fakes  place,  and  that  the  black 
muds  succeeding  the  limestone  in  western  New  York  are  the  Iiorraine 
shales,  which  here  have  a  Utica  facies,  expressive  of  the  westward  migra- 
tion of  the  zones  of  deposition,  with  the  shoaling  or  emergence  eastward. 
As  further  confirmation  of  the  soundness  of  the  correlation  of  the  Utica 
shale  of  the  Appalachian  trough  (including  the  eastern  Mohawk  region) 
with  the  limestones  forming  on  the  margin  of  the  Canadian  shield,  we 
have  tlic  occurrence  of  the  characteristic  Utica  graptolite  CUmacograptw 
fypicali.t  in  the  Middle  Galena  (Fusispira  and  Nematopora  beds)  at 
Mantorville  and  Weisbachs  Dam  near  Spring  Valley,  Minnesota."     The 

"  firaptoincB  at  Npw  York,  part  U.  p.  37. 

■See  alno  N.  T.  HXalv  Muspiim  BuU.  42,  p.  6Wtt. 

»  N.  T.  Slate  Mtiwiim  PuU.  .10.  pp.  4.'WI.  440.  442.  437. 

*•  WlnchrU  and  Schnchert :  I'aleonlology  of  MlpneHSOta.  p.  S2. 
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Utica  mud  phase  also  extended  westward  to  Cincinnati,  where  the  Fulton 
shale,  from  1  to  36  feet  thick  and  carrying  Triarthrus  becki,  represents 
the  last  of  the  Trenton-Utiea  horizon. 

Measurements  of  the  thickness  of  the  Tjorraine  ( Frankf ort-Pulaski ) 
beds  of  the  third  New  York  district  are  obtained  by  subtracting  the  esti- 
mated thickness  of  the  Utica  from  the  total  tliickneas  of  the  shales  be- 
tween the  Trenton  and  the  Oswego  sandstone.  This  in  Central  Square, 
Oswego  County,  is  729  feet,  leaviiiR  STQ  feet  for  the  Frankfort  and  Pu- 
laski, the  lower  100  feet  of  this  being  passage  beds.  At  Oswego  tlie  total 
interval  is  597  feet,  and  at  Stillwater  it  is  643  feet,  leaving  530  feet  for 
the  Frankfort-Pulaski.  In  Pulaski  500  feet  of  such  shales  occur,  of 
which  the  lower  half  or  less  is  Utica,  In  western  New  York  the  shales 
between  the  Trenton  and  the  Oswego  have  a  thickness  of  598  feet  at 
Rochester,  where  the  Trenton  is  954  feet,  and  C30  feet  at  Buffalo,  where 
the  Trenton  is  730  feet,  and  these,  as  above  noted,  probably  represent 
largely  the  Lorraine  series  of  the  third  district,  tliough  of  a  facies  more 
like  that  of  the  Utica.  The  thickness  of  the  Trenton  limestone  of  the 
Georgian  Bay  section  from  the  point  where  it  rests  on  the  gneiss  to  Col- 
Jingwood,  where  it  passes  beneath  the  "Utica"  shale,  has  been  estimated 
at  900  feet,*  though  Logan  says  that  "it  is  not  unlikely  that  the  strata 
may  be  affected  by  very  gentle  undulations,  and  it  would  therefore  be 
scarcely  safe  to  state  the  amount  at  more  than  about  750  feet."  "  Even 
if  this  latter  estimate  is  the  correct  one,  it  must  be  remembered  that  the 
basal  beds  of  the  Trenton  are  probably  absent  by  overlap,  since  the  lime- 
stone rests  directly  on  the  gneiss.  The  well  known  "Utica"  beds  at  Col- 
lingwood  and  Windsor  arc  characterized  by  a  great  abundance  of  Asaphux 
canadensis,  together  with  TriarfhniK  herki,  Plectamhonitrx  nerirFun, 
Rafinesquina  aitemata,  Dalmanella  lesluiUnaria,  and  Rhynehotrfma  in- 
crebescens.  At  Collingwood  the  rock  is  a  dark,  brownish  black  shale, 
interstratified  with  occasional  beds  of  compact,  brownish  limestone,  the 
shale  being  very  high  in  bituminous  matter.  Higher  up  the  beds  are 
"bluish  gray  argillaceous  shales,  inclosing  beds  of  calcareous  sandstone, 
sometimes  approaching  to  a  limestone  nt  irregidar  intervals  and  of  vari- 
able thickness.""  Flagstones  also  occur  in  the  series.  These  higher 
beds  contain  a  typical  Lorraine  fauna,  including  Ci/rtolife/i  omai^is, 
Fyssonickia  radiata,  and  Modiolopxtx  modiolaris.  Associated  with  these 
are  graptolites  identified  as  Diplograpliix  prisfi.s.    The  whole  thickness 

•  r.  R.  RaTDiODd  ban  recently  nhown  (BiiU.  Cml.  Scic  Am..  toI.  2*.  p.  Itl)  Ibal  the 
btBbMt  Tr*Dton  ttrata  ot  wmtem  Oalarlo  nrp  iro'tnicpr  rhrni  thp  typical  Trpnton  bedn  nf 
Trentaa  FaUi.  N.  T..  whtch  Ik  b  dlrprt  corrobnratlon  of  1117  stratlgmpblc  determlnatloD. 

■Loe,  clt..    p.   193. 

"  Lasan,  p.  312. 
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of  the  deposit  ib  shown  near  CoIIingwood,  where  some  770  feet  of  these 
beds  overlie  the  "Utica"  shales  above  mentioned.  These  can  be  traced 
northeastward  to  the  Great  Manitoulin  Islands,  where  their  thickness  is 
not  over  50  feet  The  highest  beds  of  the  "Hudson"  series  contain 
Columnaria  alveolata,  and  with  this,  on  the  islands  northwest  of  t'abots 
Head,  is  associated  Beatricea  undulala.  These  fossils  arc  good  indi- 
cators of  the  Bichmond  age  of  these  higher  beds,  for  in  the  Ohio  regioD 
Beatricea  does  not  appear  until  the  base  of  the  Liberty  beds,  while  tlie 
coral  occurs  in  the  uppermost  Richmond  (Madison  or  Elkhorn  bed).*' 
Both  forms  have  a  similar  position  in  the  Upper  Richmond  of  Anticosti. 

Overlying  these  Richmondian  beds  on  the  Indian  Peninsula  are  rei) 
and  green  shales,  originally  referred  to  the  Medina.  In  tlie  vicinity  of 
Oape  Commodore  they  are  109  feet  thick  and  are  followed  by  about  'M 
feet  of  thin-bedded  magncsiaii  limestone,  referred  to  the  Clinton,  above 
which  comes  the  Pentamerus  bed  of  the  western  New  York  Clinton.  At 
Cabots  Head,  where  the  dolomites  are  26  feet  thick,  and  at  Owen  Sound, 
where  they  are  20  feet  thick,  they  contain  Lepla-na  rhoniboidaHn,  Dai- 
manella  cf.  tesludinaria,  Stenopora  fibrom  Billings  (^  ?  lUriitotryjia  Ireii- 
tonensis  (Nicholson)  [Foord],  a  Trenton  species),  Stropkom'ena  pecleit 
(=  Schuckertella  srtbpiana),  Ortkis  davidsoni,  Attoplotheca  planocon- 
vexa,  Favosites  goihlandica,  and  others.  This  is  a  basal  Siluriu  fainia 
similar  to  or  earlier  than  that  found  in  Wisconsin.  Overlying  these  dolo- 
mites at  Cabots  Head  are  "103  feet  of  red  marly  sandstones,  partially 
striped  and  spotted  with  green,  and  interstratified  with  beds  of  red  anil 
green  argillaceous  shale,  some  of  which  exceed  6  or  8  inches  in  thick- 
ness." "  The  green  argillaceoiis  beds  appear  to  be  free  from  calcareous 
matter.  The  series  is  followed  by  about  55  feet  of  green  calcareous- 
argillaceous  shales  and  thin-bedded  limestones,  and  terminated  by  the 
massive  limestone  of  the  Niagaran  series,  which,  here  as  elsewhere  in  this 
part  of  Canada,  begins  with  the  Pentamerus  bed,  equivalent  to  the  Wal- 
cott  limestone  of  New  York.  Hflopora  fragUiSi  which  abounds  in  the 
lower  true  Medina  at  Niagara  and  in  the  Clinton  iron  ore  at  Rocliesler, 
also  occurs  in  an  impure  hematite  bed  in  the  upper  red  beds.  Ptilodidya 
{Phcenopora)  explanata,  another  Clinton  form,  also  occurs  here. 

As  will  be  more  fully  shown  later  on,  there  is  excellent  reason  for  be- 
lieving that  the  lower  109  feet  of  red  and  green  shales  resting  on  the 
Richmond  of  the  Indian  Peninsula  represent  the  westward  extension  of 

"  J.  H.  NkklfH :  Rlcbmond  Group  Id  Ohto  and  iDdimia.  Amerlcko  G«aloglB(.  toI. 
IIIM.  p.  213   t!0Z-21B|. 

Schucherl :  raleotrroKrapb.v  at  N'orib  America.     Ball.  G«al.  Soc.  Am.,  vol.  20,  p.  S30. 
"  LoKSD  :  Geology  ol  Caoada,  18S3. 
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the  Queenston  shale.  According  to  Foerate/'  these  red  beds  rest  on  buc- 
ceBsively  higher  Richmond  beds  northwestward  in  tho  Manitoulin  Islands. 
The  upper  103  feet  of  red  marly  sandstones  of  t'abots  Kead  will  likewiBe 
be  shown  to  be  Upper  Medina,  which  is  thus  included  as  a  wedge  in 
marine  Clinton. 

Returning  to  New  York,  we  find  the  Oswego  sandstone  capping  the 
Hudson  series.  At  Niagara  tliis  sandstone  is  75  feet  thick  and  westward 
of  this  it  soon  disappears. 

Near  the  eastern  end  of  Lake  Ontario  and  on  the  Salmon  River  this 
sandstone  is  well  shown  in  many  exi>osnrcs.  On  the  Salmon  Kiver  above 
Pulaski,  where  it  forms  the  fall  107  feet  in  height,  its  thicknesB  some- 
what exceeds  the  lietght  of  the  fall.  It  here  rests  on  the  Ijorrainc  shales 
and  appears  to  grade  down  into  them,  thus  indicating  that  they  form 
with  this  shale  a  continuous  depositional  series.  Fossils  are  rare  in  this 
rock,  but  they  have  been  found*"  and  indicate  that  those  sandstones  wore 
in  part  at  least  submarine.  Trails  and  impressions  of  the  type  generally 
referred  to  as  fucoidal  are  common  in  certain  layers.  Irregularity  of 
bedding  is  another  feature  shown  in  those  sandstones,  wliilo  in  some  sec- 
tions the  sandstone  is  seen  to  contain  shale  lenticles,  which  represent 
broken  layers  of  lutaceous  sediment  subsequently  incorporated  in  the  de- 
posits of  sands.  These  features  indicate  that  the  water  in  which  these 
deposits  were  forming  was  very  shallow,  and  indeed  much  of  the  materia! 
suggests  subacrial  rather  than  a  submarine  origin. 

In  attempting  to  trace  the  source  of  the  material  composing  the  Oswejju 
sandstones,  we  must  first  carefully  consider  the  nature  of  the  material 
itself.  Nearly  pure  quartz,  such  as  makes  up  this  dc[H)3it,  must  have  its 
ultimate  source  in  some  crystalline  quarts -bearing  formation.  It  is  true 
that  sueh  a  source  need  not  be  a  direct  one,  for  an  older  quartz  sandstone 
may  be  reconstructed,  thus  becoming  the  direct  source  of  the  material. 
We  must  then  look  for  an  older  sandstone  or  a  crystalline  area  as  the 
source  of  the  material.  The  nearest  crystalline  area  to  the  present  out- 
crops is,  of  course,  the  Adirondack  old  land,  and  only  a  little  farther 
removed  we  find  the  Crystallines  of  the  Canadian  shield.  If  either  or 
both  of  these  deposits  were  the  source  of  the  material  of  the  Salmon 
River  (Oswego)  sandstone,  it  is  to  be  regarded  as  a  remarkable  fact  that 
the  material  is  so  thonniglity  assorted  and  of  so  uniform  a  grain,  con- 
sidering the  nearness  of  the  source  of  supply.  One  might,  of  course,  cite 
the  Potsdam  sandstone  as  an  example  of  a  pure  quartii  sandstone  resting 
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on  an  old  land  of  crystalline  character,  from  tlie  disintegration  of  which 
it  was  apparently  derived,  but  that  is  hardly  a  good  analogy,  since  the 
Potsdam  sandstone  represents  residual  quartz  most  probably  reworked 
during  an  enormous  length  of  time  (the  whole  Cambric  and  perhaps  a 
part  of  Algonkic  time)  by  both  wind  and  water,  until  all  the  decom- 
posable material  had  been  removed  before  it  was  finally  buried  as  an 
Upper  Cambric  (Lower  Ordovicic)  sandstone.  But  during  Ijorraine 
time  the  Adirondacks  and  the  Canadian  region  had  no  such  accumulated 
materia],  as  is  shown  by  the  fact  that  pure  limestones  like  the  Trenton 
were  forming  in  tlie  immediate  vicinity  of  the  crystallines,  and  in  some 
cases,  as  at  Kingston  Mills,  Ontario,"  and  elsewhere,  rested  directly  on 
the  smooth  floor  of  crystalline  rock.  Indeed,  there  is  good  reason  for 
believing  that  the  greater  part  of  the  Adirondacks,  if  not  the  whole  of 
them,  were  covered  by  Trenton  limestone  and  later  deposits,  and  that 
these  were  not  removed  until  the  end  of  Siluric  time.  The  Canadian 
shield  likewise  seems  to  have  been  covered  to  such  a  degree  that  it  eoulc! 
hardly  have  furnished  clastic  material  for  such  a  sandstone. 

If  these  conclusions  are  correct,  there  seems  to  be  no  other  soun-c  than 
the  Appalachian  old  land  for  these  sandstones,  and  in<leed  they  or  their 
Xew  England  extensions  must  have  furnished  the  sand  and  mud  for  the 
Hudson  River  elastics  throughout,  since  the  Adirondack  and  Canadian 
areas  permitted  the  simultaneous  deposition  of  calcareous  sediments. 
This  is  shown  by  the  fart  that  around  these  old  land-masses  the  deposits 
of  the  whole  lower  and  middle,  as  well  as  part  of  the  Upper  Onlovicic, 
are  calcareous,  while  to  the  southeast  they  are  replaced  by  the  siliceous 
deposits  forming  the  Hudson  Eiver  group. 

If  we  admit  the  Appalachian  source  of  the  Oswego  sands  for  the  east- 
ern region,  we  must  admit  it  for  western  New  York  as  well,  and,  for  the 
same  reason,  we  must  connect  these  sandstones  with  the  Bald  Eagle  Ian. 
For  such  a  deposit  of  pure  aands  calls  for  a  corresponding,  though  not 
necessarily,  as  pure  a  deposit  nearer  to  the  source.  It  is  also  logical  to 
assume  that  such  a  deposit  should  become  coarser  and  thicker  ae  we  ap- 
proach the  source  of  the  material.  There  is  no  sandstone  or  conglom- 
erate in  the  Appalachians  which  fits  these  requirements  and  is  at  the 
same  time  of  the  corresponding  age  except  the  Bald  Eagle.  Even  if  wo 
regard  this  formation  as  a  submarine  delta  deposit,  against  which  inter- 
pretation all  its  characteristics  protest,  we  must  consider  that  the  lower 
part  of  the  series  is  of  less  areal  extent  than  the  upper,  for  this  is  true  of 
submarine  as  well  as  subaerial  delta  deposits,  and  so  we  come  to  the  in- 

"  A.  W.  G.  Wilson  ;  Cunadlan  Rtvord  of  ScIpdcp.  vol.  Ii,  No.  2,  1003,  p.  120. 


Digitized  bvGoOgIc 


SUCCEaSIVE  DEPOSITS  IX  TUB  APrALACHIAK   REGION  427 

evitable  conclusion  that  the  Oswego  Maiidstoiic  of  New  York  represents 
the  higher  beda  of  the  Bald  Eagle  deposit.  The  lineal  distance  between 
the  two  regions  is  not  over  160  miles,  wlncli  Is  not  excessive  for  such 
deposita. 

Going  northeastward  into  Canada,  we  find  that  (Logan,  page  196)  in 
the  Montmorency  region  east  of  the  city  of  Quebec  the  post-Trenton 
shales  are  1,114  feet  thick  in  a  measured  section  on  the  River  Saint  Anne, 
and  may  reach  a  total  of  2,300  feet.  Only  the  lower  318  feet  of  these 
strata  are  referred  to  the  Utica.  They  are  conformable  with  the  Trenton 
limestone,  the  upper  beds  of  which  show  intercalateil  shales  of  the  Utica 
type  and  grade  upward  into  the  TJtina  shales.  Lingula  ?  and  Dtplo- 
graptua  pristis  are  the  only  fossils  recorded  from  these  shales.  The  shales 
also  grade  upward  into  sandstones  and  arenaceous  shales  with  Plertam- 
bonites  sericeus  and  Dalmanella  testudinaria,  with  a  total  thickness  of 
719  feet.  These  beds  contain  occasional  black  bands,  but  for  the  most 
part  are  grayish  or  greenish  arenaceous  shales,  with  occasional  (ronglom- 
erate  beds.  They  apparently  "represent  I^orraine,  to  which  horizon  they 
were  referred  by  Ixtgan. 

The  uppermost  division  is  again  a  black  shale,  containing  CHinaco- 
graptus  bicomis  and  Dicranograplus  ramofrus  as  well  as  Triartlirus  becki. 
It  there  is  here  no  repetition  by  faulting  and  if  the  identifications  are 
correct,  we  have  a  remarkable  recurrence  of  the  Utica  fauna,  with  the 
recurrence  of  the  Utica  type  of  shale  above  beds  of  Lorraine  age. 

These  higher  black  shales  of  the  Quebec  region  may  even  represent  the 
Richmond  horizon.  Near  the  Little  Rivier  du  f'liene,  on  the  south  tiide 
of  the  Saint  Lawrence,  the  beds  contain  Ple.cfamboniidi  xpricp.us,  Rafinef- 
luina  altemata,  and  Dalmanella  fextudlnaria.  and  are  siicceoded  by  red 
shales,  "which  appear  to  overlie  them  conformably"  and  probably  repre- 
sent the  Queenston  horizon.  In  the  vicinity  of  Saint  Clrf'goire.  Quebec, 
the  upper  beds  contain  Slenopora  fibrosa,  Ptcelambonitps  xericeux, 
Raftnesquina  altemata,  Dalmanella  testudinaria,  Heberlella  orciilenlalix, 
Catazyga  headi,  Rhynchotrema  capa^c,  Pterinea  demisxa,  Orlhocemia 
crebiseptum,  and  Anaphus  plaiycephahm.  If  these  identifications  are 
correct,  the  fauna  would  appear  to  be  of  Richmond  age.  The  beds  are 
succeeded  by  red  shales,  presumably  of  Queenston  age.  \orthcastward 
in  the  Anticosti  region  no  such  red  sediments  terminated  the  Ordovicic 
series,  but  normal  marine  conditions  continued  into  the  Siliiric. 

Comparing  the  Lorraine- Oswego  beds  of  the  third  and  fourth  \ew 
York  districts  with  the  Up]>er  Martinsburg  of  southern  Penn.sylvania,  it 
appears  that  the  latter,  representing  Eden   (Frankf()rt)   and  Maysville 
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(Pulaski),  is  more  than  twice  as  thick  as  the  Frankfort  and  Pulaski  of 
New  York.  It  seems  more  tlian  likeiy  that  the  Oswego  sandstone  of  tlie 
south  shore  of  Lake  Ontario  was  also  tlcpoaited  during  Upper  Lorraine 
time,  and  iE  to  be  included  with  the  Pulaski  and  Frankfort  beds  in  that 
division.  Northward  in  the  Quebec  region,  as  we  have  seen,  this  Bami- 
stone  is  absent  and  the  Upper  Hudson  beds  arc  of  Kichmondian  age. 

The  influence  of  the  currents  bringing  the  quartz  sands  of  the  Osw^ 
was  evidently  not  felt  in  the  Quebec  region,  where  continuous  deposition 
went  forward.  Prom  this  fact,  and  the  general  character  of  the  beds  in 
the  Saint  Lawrence,  it  is  safe  to  argue  that  the  Adirondack  old  land  was 
not  exposed,  but  covered  to  a  greater  or  less  degree  by  the  Lorraine-Ulica 
strata,  as  well  as  the  Trenton  limestones  beneath  these.  The  abundant 
fragments  of  Trenton  and  Beekmantown  limestone  scattered  over  parts 
of  the  region  further  indicate  the  former  presence  of  a  covering  of  these 
rocks. *^ 

•Sumniari/  hinlory  of  (he  Bald  Eagle  della. — If  we  now  correlate  all  the 
facts  so  far  ascertained  with  reference  to  the  closing  deposits  of  the  Ordo- 
vicic  in  eastern  North  America,  we  find  that  the  Bald  Eagle  conglom- 
erate of  central  Pennsylvania  is  best  explained  as  a  coarse  pebble  and 
sand  delta  of  subaerial  origin,  built  by  a  large  stream  from  the  old  land 
to  the  southeast  into  the  Upper  Ordovicic  Sea  which  covered  the  present 
Appalachian  region.  The  deboucliurc  of  this  stream  was  in  the  neighbor- 
hood of  Tyrone,  Pennsylvania,  as  shown  by  the  great  thickness  of  the 
deposit*  there.  The  upt^tream  continuation  of  this  delta  has  partly  lieen 
removed  by  erosion  and  in  part  it  is  concealed  by  faulting.  The  delta  wa^ 
perfectly  conformable  with  the  underlying  Hudson  strata  of  earlier  age, 
and  represents  merely  the  local  accumulation  of  coarse  river  sediment 
brought  by  a  revived  stream  from  the  rising  highlands  on  the  southeast. 
Other  similar  streams  no  doubt  existed  and  their  deposits  gave  rise  to  the 
coarser  beds  occasionally  found  in  the  Upper  Hudson  series,  but  none 
seem  to  have  been  so  pronounced.  My  belief  is  that  this  delta-buililinp 
commenced  in  Upper  Eden  (Frankfort)  time  and  continued  through 
Tjorraine  or  until  the  Pulaski  shales  and  Oswego  sandstone  wore  de- 
posited. The  latter,  indeed,  must  represent  the  upper  part  of  the  Bald 
Eagle,  the  most  extensive  (areally)  of  the  overlapping  beds  of  the  series. 
The  close  of  the  building  of  this  delta  probably  fell  in  late  Maysville 
time,  but  before  the  end  of  that  epoch.  In  the  east  the  end  of  the  Mays- 
ville epoch   was   inaugurated   by   red   sedimentation,   which   continued 

quBdraliElf.      BuU.  98.  ! 
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through  the  greater  part  of  Kichmond  time.  Marine  deposition  con- 
tinued to  the  north,  as  shown  by  the  Lorraine  and  Richmond  beds  of 
Quebec,  to  the  vest,  as  shown  by  the  presence  of  the  Lorraine  and  Rich- 
mond faunae  in  a  continuous  sedimentation  series  (Hudson)  in  the  Lake 
I[dron  region,  and  to  the  south,  as  shown  by  continuance  of  the  Sevier 
shale  of  Virginia  and  Tennesaee  into  the  red  Bays  sandstone  overlying  it. 
Ulrich  in  his  correlation  tables"  makes  the  Bald  Eagle  the  exact  equiva- 
lent of  the  Oswego  sandstone  without  giving  reasons  for  tills  correlation. 
Aside  from  the  fact  that  a  formation  of  sandetone  over  a  thousand  feet 
thick  in  one  section  can  hardly  be  the  exact  equivalent  of  another  bed  of 
similar  sandstone  only  100  feet  tliick,  we  have  shown  that  in  the  east  the 
sandstone  begins  earlier  and  rests  on  lower  beds  than  in  the  northwest. 
In  Bald  Eagle  Mountain  it  rests  on  lowest  Pulaski,  if  not  Frankfort;  in 
the  Buffalo  and  Pulaski  region  it  is  post-Lorraine. 

The  probable  ext«nt  of  this  fan  must  have  rivaled  that  of  the  Huang 
Ho  or  Yellow  River  of  China  of  today.  Xot  counting  the  Appalachian 
folds,  the'  distance  from  the  easternmost  outcrop  to  its  disappearance  in 
the  northwest  is  more  than  200  miles.  Add  to  this  the  amount  of  its 
former  eastward  extent,  removed  by  comparatively  early  Siluric  erosion, 
and  we  get  in  the  neighborhood  of  250  or  300  miles  as  the  radius  of  the 
fan.  Of  course,  this  radius  was  not  necessarily  the  average  radius.  It 
seems  far  more  likely  that  the  deposit  was  a  long  and  relatively  narrow 
one.  No  doubt,  too,  some  of  the  material  of  this  delta  was  removed  and 
redepositcd  during  the  succeeding  period  of  red  sedimentation,  which 
seems  to  have  followed  almost  without  change  in  the  relative  position  of 
land  and  sea,  except  perhaps  an  increased  elevation  of  the  mountains 
supplying  the  sediment  on  the  east,  as  will  be  more  fully  explained  after 
the  character  of  these  deposits  has  been  considered. 

A  fact  of  interest  in  this  connection  is  the  finding  of  remains  of 
Eurypterids  in  the  Trenton  shales  of  New  York.  Good  specimens  have 
been  found  in  the  Schenectady  shale  of  the  Mohawk  Valley  by  the  New 
York  State  Survey,  but  though  they  are  well  preserved  no  entire  speci- 
mens have  been  discovered.  They  are  associated  with  graptolites  to  be 
sure,  but  ihe  beds  in  which  they  occur  also  contain  mud  cracks,"  and 
apparently  represent  a  surface  swept  over  only  occasionally  by  the  sea, 
which  spread  seaweeds  and  graptolites  over  it  as  seaweeds  and  hydryoids 
are  spread  over  our  mud  flats  at  the  present  time. 
The  possibility  that  the  Eurypterids  were  swept  into  this  area  by  the 
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river  waters  from  the  Appalacliian  land  must  not  be  overlooked.  The 
Oflwego  sandstone  is  absent  here,  removed  by  early  Siluric  erosion,  which 
also  removed  the  whole  of  the  Pulaski  shalee.  But  a  little  to  the  north 
these  formations  oi^our  in  their  full  strength,  and,  us  we  have  seen,  the 
material  of  which  they  are  made  could  only  have  come  from  the  Appala- 
chians. If  the  Eurjpterids  were  river  animals  at  this  period  of  the 
eartli's  history,  as  they  certainly  were  in  later  Paleozoic  tinne,  it  is  not 
improbable  that  their  remains  will  be  found  in  the  finer  deposits  of  the 
Bald  Eagle  delta.  Eurypterids  are  said  to  occur  in  the  Eden  of  the  Cin- 
cinnati region,*  and  these  specimens  may  have  a  similar  origin,  being 
floated  into  the  shallow  waters  of  the  interior,  as  we  know  that  today 
terrestrial  organisms  are  carried  out  for  hundreds  of  miles  from  shore. 
Of  course,  the  possibility  that  Eurypterids  were  marine  organisms  during 
this  period  of  the  earth's  history  must  be  conceded,  but  the  evidence  for 
this  is  to  my  mind  not  very  strong.  This  subject  will  be  more  fully  dis- 
cussed in  a  later  section  of  this  paper. 

Schuchert'"  correlates  the  Upper  Lorraine  (Pulaski)  of  New  York 
with  the  Mount  Hope  and  Fairmont  beds  of  the  Maysvillian,  which  would 
make  the  Oswego  the  equivalent  in  time  of  the  Bellevue  and  perhaps 
Corryville  zones.  This  seems  a  sound  correlation  so  far  as  the  typical 
Lorraine  strata  of  the  third  New  York  district  are  concerned.  North- 
ward in  Quebec,  however,  the  "Hudson"  beds  rise  higher,  being  equiva- 
lent to  the  whole  of  the  Maysville  and  a  part  of  the  Richmond  as  well. 
Southward  in  southern  Pennsylvania  the  Martinsburg  shale  includes  the 
whole  interval  from  near  the  base  of  the  Trenton  to  probably  Bellevue  or 
Corryville  of  the  Upper  Maysville,  inclusive,  or,  in  other  words,  the 
Tipper  Martinsburg  is  the  equivalent  of  the  Lorraine  and  Oswego.  West- 
ward the  top  of  the  "Hudson"  series  likewise  rises,  being  post-MaysviUe 
in  the  Lake  Huron  region,  where  typical  Richmond  fossils  occur  in  the 
higher  beds.  In  the  stratigraphic  depression  thus  left  by  the  rise  in  the 
horizon  of  the  top  of  the  "Hudson,"  northward,  westward,  and  south- 
ward, lies  the  Bald  Eagle  delta,  a  continental  deposit,  the  base  of  which 
rises  in  proportion  and  in  the  same  direction  as  the  top  of  the  underlying 
Hudson,  its  marine  equivalent,  rises.  The  overlap  of  these  delta  beds  is 
thus  a  replacing  one  away  from  the  source  of  supply,  which  was  in  the 
older  Appalachian  land  toward  the  east.  The  following  diagram  (figure 
4)  shows  the  general  relation  of  these  strata. 

The  Juniata  and  the  QtieenstorC  red  6c(/g.—  The  Juniata  formation  waa 
named  by  Darton  from  its  typical  development  along  the  Juniata  River 
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in   Pennsylvania.     It  is  the  "Eeil  Mc-  ^ 

iliiiji"  of  the  second   Pennsylvania  sur-  S 

vpy,  though  under  this  name  was  also  " 

induded  the  Ijongwood    (Salina)   shale  'i 

of  the  eastern  monuclinal  or  Blue  Moun-  f 

tain-Kittatinny  Mountain   Hidge.     An-  1 

other  liK-al  deposit  of  red  rocks,  the  true  ^ 

Meiliua,   was   also   included    here.      In  o 

western  \tw  York  occurs  a  great  series  ^ 

of  red  shales  and  sandstones,  which  at  |-  ^ 

Niagara,  where  they  underlie  the  white  _8  _ 

Wliirlpool  quartzite  and  rest  on  the  Os-  s  ^ 

wego    sandstone,    have    a    thickness   of  ^  g: 

1,143  feet.     These  shale  betls  have  gen-  a  j 

erally  hccn   called   Lower  Medina,  and  5  o 

included  with  the  Oswego  sandstone  be-  3  a 

low    and   the   Whirlpool    sandstone,   the  5  ? 

Medina  sandstone   and   shales   and   the  aa_ 

upper  gray  or  Tkorold  sandstone  above,  %  " 

in  the  Oswegian  group,  which  was  made  a  S 

the   base  of  the   Siluric.     These  lower  _» 

shales    I    have    recently    renamed    the  o  2; 

Queenston  shales  from  their  exposure  at  =0 

Queenston   on  the   Niagara  River,  and  o  5 

have  referred  them  to  their  true  position  a:  c, 

as  the  equivalent  of  the  marine   Rich-  l-S 

mond  deposits  elsewhere."    These  shales  j  !« 

and  sandstones  are  to  be  regarded  as  the  ?!■ 

westward  extension  of  the  Juniata  beds  El 

of  Pennsylvania,  and  they  were  unques-  2  3 

tionably  derived   from  the  Appalachian  3  ? 

region,  since,  an  I  have  alroa<ly  shown  '  S. 

while  discussing  the  origin  of  the  Os-  ^ 

wego  sandstone   which   underlies  them,  ]! 

there  is  no  other  adequate  source  from  % 

which  such  material  conld  be  supplied.  I 

It   is  now  perfectly   well   understood  | 

that  the  red  color  of  a  series  of  clastic  c 

sediments  of  this  type  is  due  primarily  S. 

to    peculiar   climatic   coiulitions    which  I 
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permitted  extensive  oxidation  of  tlie  iron  compouDds  in  the  sanda  ami 
the  rock-floor  while  they  were  being  truiis[iortated  or  during  and  aftor 
deposition.  Studies  in  desert  regions  have  shown  that  such  oxidation  is 
extensively'  earned  on  under  arid  olimatie  (-miditiouH,  with  a  depresscit 
water  table  anil  a  scarcity  or  absence  of  veffctation.  That  oxidizeil 
heils  can  be  ooii1eni|)oraneous  with  white,  gray,  or  even  black  non-oxi- 
dized lie<ls  admits  of  no  doubt,  nor  that  one  may  merge  into  the  oilier, 
Sucli  oxidize^l  beds  are  not  alwayti  rod  at  the  time  of  their  formation. 
Indeed,  it  is  more  likely  that  oxidation  is  always  accompanied  by  a  cer- 
tain amount  of  hydration,  the  result  being  an  ochery  or  yellow  tint. 
Dehydration  and  tlie  corresponding  change  to  a  red  color  is,  as  shown  by 
t'roBby,  a  process  of  ageing,  and  may  take  place  subsequent  even  to  burial 
of  the  oxidized  strata.*'  Now,  it  can  only  be  an  exceptional  and  pecu- 
liarly local  series  of  i-onditions,  which  will  i>ermit  extensive  oxidation 
away  from  the  source  of  supply,  while  near  it  no  such  oxidation  oc- 
curs. It  is  scarcely  conceivable  tliat  river-spread  sediments  over  a  broatl 
emerged  area  at  the  foot  of  a  highland  region  should  fail  of  oxidation  in 
the  first  100  miles  of  tlieir  area  of  sedimentation,  but  bo  thoroughly  oxi- 
dized throughout  a  thickness  of  over  1,000  feet  in  the  second  belt  or  a 
distance  of  200  miles  from  the  source.  Kivers  may  perhaps  carry  sedi- 
ment from  a  region  of  oxidation,  tlirough  a  region  where  vegetation  pre- 
vents such  oxidation  and  deposit  them  beyond  tliis  point  as  oxidized 
sediments,  but  in  any  casi"  the  region  from  which  the  supply  is  derived 
is  the  chief  one  to  sulTcr  oxidation. 

If  these  conclusions  are  sound,  we  must  consider  that  the  red  Queens- 
ton  shales  of  the  Niagara  region  are  eo nt em [wra neons  with  the  red  sedi- 
ments of  the  Appalachian  region,  nnles.s  we  assume  that  the  former  are  a 
secondary  deposit,  the  material  t)eing  derived  from  the  erosion  of  the 
older  beds.  Against  such  a  supposition,  however,  the  relative  imiformity 
of  lithic  character  of  the  Qucenston  beds,  their  thickness,  and  especially 
their  uniform  color,  as  well  as  their  relation  to  the  inclosing  rocks,  form 
a  strong  argument.  A  further  argument  that  the  beds  of  western  New 
York  were  deposited  under  conditions  of  aridity  is  shown  by  the  occur- 
rence in  them  of  saline  waters,  this  being,  indeed,  the  lowest  saliniferous 
horizon  of  western  New  York.  1  believe  that  there  can  be  no  question 
but  that  the  Qucenston  and  Jnniata  are  contemporaneous  sediments.  It 
is,  of  course,  true  that  red  sedimentation*  began  earlier  in  the  Appala- 

"  for  a  fuU  dIacuasloD  a 
TOl.  2.1.  p.  416  Ft  seq.  Aim 
Co..    IDIS. 

*  B]r  tlili  term  In  to  be  imderMond  the  ilf>[>oiiltlnn  of  o 
qoentlr  may  b;  dehydration  aaaume  a  red  color,  and  not 
•■rll7  nd  at  the  time  ol  formatloti. 
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chiaDs  and  progressed  outward  by  overlap.  Nor  ia  the  upper  surface  of 
the  red  sedimeDts  of  the  Appalachians  at  the  exact  horizon  of  the  upper 
level  of  the  red  Queenston  shale,  for  both  have  probably  suffered  erosion 
before  the  deposition  of  the  succeeding  beds.  Essentially,  however,  they 
are  to  be  regarded  as  contemporaneous. 

What  has  been  said  of  the  contemporaneity  of  the  red  beds  of  the 
Appalachians  and  western  New  York  applies  with  equal  if  not  greater 
force  to  the  red  beds  of  the  Appalachian  region  itself.  Ulrich  thinks  that 
there  are  two  red  series  in  the  Appalachians.  He  would  make  the 
"Juniata"  of  southern  Pennsylvania  and  Maryland,  as  well  as  the  Bays 
of  the  southern  Appalachians,  of  earlier  age  than  the  Juniata  of  the 
western  ridges.  I  have  shown  in  the  preceding  pages  that  the  strati- 
graphic  evidence  is  wholly  against  such  an  interpretation  in  the  eouthem 
Pennsylvania  region,  where  only  a  false  identifications  of  horizons  could 
lead  to  such  a  supposition.  I  have,  I  believe,  definitely  shown  that  the 
Bald  Eagle  horizon  is  there  represented  by  the  upper  marine  Martins- 
burg  sandstones,  the  upper  part  of  which  is  of  late  Lorraine  and  Oswego 
age.  Hence  the  succeeding  red  beds  are  Juniata.  As  for  the  Bays  sand- 
stone, I  also  have  paleontological  evidence  that  Ulrich's  supposition  is 
incorrect.  This  will  be  given  further  on.  If  Ulrich's  supposition  were 
correct,  we  would  have  in  the  eastern  region  first  red  sedimentation, 
then  a  great  series  of  white  and  gray  sediments,  followed  again  by  red 
sedimentation.  That  such  is  not  the  case  is  shown  by  the  fact  that  no- 
where in  the  immediate  vicinity  of  the  so-called  older  red  series,  nor 
away  from  it,  is  there  apy  indication  of  red  sedimentation  beneath  the 
Bald  Eagle  conglomerate,  even  though  the  distance  is  only  a  few  score  of 
miles.  It  is  inconceivable  that  if  red  sedimentation  went  on  near  by 
there  should  be  no  trace  of  such  sediment  wherever  the  white  conglom- 
erate and  sandstone  appear  except  above  it.  This  can  only  be  interpreted 
as  indicating  that  red  sedimentation  followed,  but  did  not  precede  the 
sedimentation  of  the  white  sand  and  pebbles,  and  that  wherever  the 
white  beds  as  such  are  absent  and  there  is  no  hiatus  they  are  represented 
by  marine  sands  and  clays  on  which  the  red  beds  come  to  rest.  In  other 
words,  the  red  beds  overlap  the  continental  portion  of  the  white  beds  and 
rest  directly  on  the  marine  equivalents  of  the  latter.  Thus  we  conclude 
that  there  is  only  one  Ordovicic  red  series  in  Pennsylvania  and  Mary- 
land, namely,  the  Juniata  formation. 

If  we  now  consider  the  principal  sections  in  eastern  and  central  Penn- 
sylvania and  adjoining  regions  in  which  the  Juniata  hetls  are  exposed, 
we  find  considerable  variation  in  the  thickness  of  the  deposit  at  different 
points.  Beginning  again  in  the  westernmost  ridges,  we  have  the  most 
XXX— Bull.  Giol.  Boc.  Ah.,  Vol.  24, 1012 
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southern  espoaure  of  this  rock  in  the  gorge  of  Wilis  Creek,  where  it  cuts 
through  Wills  Mountain  Just  northwest  of  the  city  of  Cumberland, 
Maryland.  I  examined  this  small  exposure  in  the  center  of  the  anticline 
in  1910,  but  c-ould  not  wholly  satisfy  myself  of  the  relation  of  this  to  the 
succeeding  rock.  It  is  not  improbable  that  these  red  beds  are  post- 
Juniata,  or  of  Siluric  (Medina)  age,  representing  the  reworked  Ordo- 
vicic  Juniata,  as  will  be  more  fully  discussed  further  on.  The  fact  that 
the  formation  apparently  grades  upward  into  the  overlying  Tuatarora  at 
this  point  lends  additional  weight  to  the  supposition  that  all  of  the  red 
beds  shown  may  not  be  Ordovicic.  Nevertheless,  it  must  not  be  over- 
looked that  even  if  there  is  a  hiatus  between  the  two  series  of  beds,  as 
would  apparently  be  the  case  if  the  lower  bed  is  true  Juniata,  the  expres- 
sion of  this  hiatus  may  be  obscured  by  the  reworking  of  a  part  of  the 
upper  beds  at  the  beginning  of  Tuscarora  sedimentation. 

The  red  beds  of  the  Wills  Gorge  section  are  interbedded  sandstones 
and  shales,  the  former  usually  of  slight  thickness,  though  some  of  the 
sandstones  are  over  a  foot  thick.  Clay  galls  and  flattened  clay  pebbles 
either  red  or  green  occur  in  some  of  the  sandstones,  and  cross-bedding 
of  the  torrential  type  is  seen  in  some  of  the  higher  beds.  Lutaceous  ma- 
terial predominates,  some  of  the  shale  beds  being  G  feet  or  more  in  thick- 
ness. Both  shales  and  sandstones  are  more  or  less  micaceous  in  character. 
The  total  thickness  measured  by  the  Maryland  Survey"  is  530  feet, 
though  140  feet  is  covered  by  talus. 

Farther  north  in  the  Wills  Mountain  Gap  at  Milligana  Cove  in  Bed- 
ford County,  Pennsylvania,  800  feet  of  the  red  sandstone  are  shown 
resting  on  100  feet  of  Bald  Eagle.  According  to  Rogers,*"  the  formation 
here  contains  more  gray  sandstone  than  usual.  Throughout  the  Bedford 
County  district  the  Juniata  "contains  comparatively  little  soft  shale,  its 
beds  being  chiefly  hard,  fine-graiued  red  sandstone  grits."  Clay  galls 
and  compressed  clay  pebbles  are  common,  these  usually  being  of  an  ochery 
color  and  of  such  a  condition  as  to  easily  weather  out,  leaving  the  rock 
in  a  honeycombed  condition.  In  other  cases  these  clay  galls  are  red  in 
color.  As  already  mentioned,  these  sandstones  overlap  the  Bald  Eagle 
in  the  soutliern  part  of  Bedford  County,  where,  in  the  eections  made  by 
the  Juniata  through  Tusscy  and  Evitia  mountains,  these  red  beds  rest 
directly  on  U])per  Martinsburg  sandstone  and  shale  (here  of  Oswego  age) 
and  form  a  continuous  depositional  series  with  it  Professor  Stevenson 
here  found  fossils  which  he  identified  aa  Ambonychia  [Bt/gaonychial] 
radiata  and  Rliynrhonella  laiiax.    The  latter  has  been  identifled  by  Ulrich 

"AUenhany  Cuunlj-,   p,  87. 

■*  GmlogT  of  I'»nD>]rlT>nta.  p.  12f) ;  see  also  BtercDSOD  Report  T» 
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as  Orlhorht/nchula  linneyi.  I  have  not  seen  these  apecimens,  but  I  Ten- 
ture  the  query  whether  these  Bpecimens  may  not  be  small  forms  of  the 
short-hinged  gibbouB  Pialystrophia  lynx  {ponderosa  Foemte)  var.  steven- 
aoni  Qrabau.  Undoubted  specimens  of  this  speuieg  are  found  associated 
with  Bysxonychia  of  the  richmondenxis  type  in  the  Bays  sandstone  of 
Tennessee,  where  I  have  collected  them  at  Walker  Mountain,  Since  the 
fossils  of  the  red  sandatones  are  all  molds  (internal  as  well  as  external), 
small  BpecimenB  of  the  P.  stevensoni  may  easily  be  mistaken  for  OrihO' 
rhynckula  linneyi  or  for  Rhynchotrema  capax.  On  the  basis  of  the  dis- 
tribution of  the  fossils  at  Cincinnati,  the  Orthorhynchula  would  indicate 
the  Fairmount  beds  in  the  Lower  Maysville,  while  the  Pialystrophia  lynx 
(ponderosa)  would  indicate  the  Mount  Auburn  or  highest  Maysvillian. 
According  to  Schucherfs  correlation,  this  would  in  the  one  case  be  late 
Lorraine,  in  the  other  post-Lorraine  and  poet-Oswegon  as  well.  I  am 
satisfied  that'  the  latter  is  the  correct  correlation,  even  should  the  fossils 
from  Bedford  County  prove  on  critical  examination  to  be  Orthorhynchula. 
Byssonychia  radiala  ranges  through  the  Lorraine  and  the  Richmond  and 
so  is  not  of  value  in  precise  correlation.  It  is  probable,  however,  that 
the  species  is  not  radiaia  in  the  restricted  sense,,  but  belongs  to  the  rich- 
mondensiB  group,  aa  is  the  ease  with  the  species  from  Walker  Mountain. 
The  Blair  County  sections'"  of  the  Juniata  also  show  an  alternation  of 
shales  and  sandstones.  In  Tyrone  Gap,  where  a  good  exposure  of  this 
and  the  enclosing  formations  are  found,  the  section  comprises  the  follow- 
ing beds  in  descending  order : 

PMt     Id.     Feet     Id. 

33.  White  sandstone 100  +         100  ± 

Possible  base  of  Toscarora. 
32.  Bed  HandBtone,  with  lajrere  of  red  shale  from  6"  to  5' 

thick 2SS 

31.  Concealed  Interval MO 

30.  Red  mawlve  sandstone 84 

29.  Green  slaty  stmdatone. 1      8 

28.  Red  sandstone  with  a  few  layers  of  red  shale 87 

■ fl07      8 

27.  Green  slate 0      6 

20.  Red  sandstone 10 

25.  Red  ebale 5 

24.  Oreen  slate. 5 

23.  Red  sandstone S 

22.  Gray  snndstone 20 

21.  Bed  ahale 1 

20.  Gray  sandstone 10 

"Report  T  OD  Bl«lr  CoDDtf  by  Fraaklla  Piatt,  1881,  pp.  IT  and  47:  rIho  Report  Ti, 
p.  144. 
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FMt      Id.     Frrt     In. 

in.  Red   aliale 0      6 

IK.  Red  eiiDdstone 10 

17.  Grayish  i-ed  sandMtone 15 

10,  Red   Bliite 1 

15.  Green   alale. 1      6 

14.  Gray  snudtttune IB 

13.  Gray  slate 1 

12.  Browu  fuindstone 20 

11.  Gray  slate 1 

10.  Brown   Hfiiultitoiie 8 

9.  Red  shale 0      6 

8.  Reddish  liroH-ii  sandstone. 75 

7.  Red  slate. 1 

d.  Red  iind  gray  sandstone 200 

Ti.  Red  aaudxtoiip  and  shale,  altematluK  with  some  green 

sLules  ami  brown  sandstones 112 

—      518 

Base  of  the  Jinilutu  series. 
4.  Bromi  and  tsrny  siindstoues  and  couc-ealed  nieinl)ers. . . .  150 

3.  Gray  sandstone  mid  toneeHled  members 400 

2.  Gray  sandstone 320 

1.  Gray  and  slaty  sandstone. 440 

Base  of  the  Bnld  Eagle.  1^19 

Total 2,905 

Tlie  sandstonew  are  often  markedly  crosa-bedded,  and  the  alternations 
here  give  a  good  example  of  rhythmic  Buccession  of  oxidized  and  un- 
oxidized  strata.  If  all  the  red  beds  of  this  section  are  included  in  the 
Juniata,  tliis  would  be  1,486  feet  thick.  L«8ley"  thinks  that  the  "Red 
Medina"  comprises  the  lower  518  feet,  plus  some  400  or  500  feet  of  the 
overlying  beds,  making  in  all  about  1,020  feet,  but  this  would  draw  the 
line  in  the  middle  of  the  concealed  serieH  (number  31)  and  would  leave 
a  considerable  thickness  of  red  beds  above  this  plane.  At  the  base  of 
number  28  there  occur  some  pebbly  layers,  which  may  mark  a  dividing 
line  between  a  Lower  (Qucenston)  or  true  Juniata  and  an  Upper  (Me- 
dina) series,  the  latter  composed  of  reworked  Juniata  material.  Whether 
this  is  so  or  not  has  not  yet  been  determined.  The  red  beds  are  char- 
acterized throughout  by  an   abundance  of  clay  galls  thoroughly  (»m- 


At  Bellefonte  (>ap,  in  Center  Couiity,  Pennsylvania,  the  Juniata  has, 
according  to  Itogcrs,  a  thickness  of  about  500  feet.  It  is  here  a  "thin- 
hedded  gray  and  red  argillaceous  sandstone,  alternating  with  a  fourth 

H  Summary  Final  Report,  vol.  1.  p.  047,  foot-note. 
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part  red,  gray,  and  greenish  shale.  High  in  the  masa  are  found  atem- 
like  vegetable  forma  resembling  an  irregular  ScoUthus.  This  appears  to 
be  the  ScoHthus  verbicalis  of  Hall,  a  foeail  of  the  Medina  sandstone  of 
\ew  York.'"*  So  far  as  these  tube  fillings  can  be  taken  as  horizon 
markers,  they  would  indicate  the  upper  beds  of  this  series  to  be  "Medina" 
and  not  Queenston. 

In  Mill  Hall  Gap,  Clinton  County,  the  aeries  is  not  well  exposed,  the 
beds  overlying  the  Bald  Eagle  conglomerate  consisting  of  "thin-bedded 
gray  and  red  clay  sandstones,  constituting  three  parts  of  the  whole  maes 
separated  by  and  alternating  with  beds  of  red,  gray,  and  greenish  shale."" 
The  Scolithus  verticalis  has  also  been  found  in  the  uppermost  beds.  The 
series  is  about  700  feet  thick  and  is  followed  by  an  equal  amount  of 
hard  massive  red,  gray  and  white  sandstones,  the  Tuacarora."  In  Ly- 
coming County,  finally,  the  Juniata  is  reported  by  Franklin  Piatt  as 
haring  a  thickness  of  1,200  feet,  the  Tuscarora  being  estimated  at  100 
feet,  while  the  Bald  £sgle  is  only  75  feet  thick." 

Returning  to  the  more  southeasterly  outcrops,  wc  find  an  excellent  de- 
velopment of  the  series  in  Logan  Qap,  through  Jack's  Mountain,  in 
Mifflin  County,  Pennsylvania.  The  top  of  the  mountain  is  formed  by 
the  great  white  Tuscarora  sandstone,  here  820  feet  thick,  while  the 
Juniata  has  a  thickness  of  1,280  feet.  It  consists  of  soft,  friable  reddish 
sandstones  and  red  sandy  shales,  the  latter  commonly  showing  ripplc- 
mariis  and  mud  cracks,  while  some  nf  the  sandstones  show  marked  cross- 
bedding,  apparently  of  the  torrential  type.  Ten  miles  soutliward  along 
the  strike,  at  Orhisonia,  in  Itockhill  Gap  through  Blai'k  Ijog  Mountain, 
the  red  beds  are  930  feet  thick  and  consisl  of  soft  brown  and  red  clay 
sandstones  and  shales. 

In  the  Susquehanna  Gap  through  Blue  Mountain,  above  Harrisburg, 
true  Juniata  is  wholly  absent,  the  few  feet  of  red  shale  underlying  the 
Tuscarora,  which  here  forms  the  mountain  crest,  belonging  to  the  typical 
Medina  of  New  York,  and  resting  u  neon  for  ui  ably  upon  the  Hudson  beds. 

Further  south,  in  Franklin  County.  Pennsylvania,  the  Juniata  forma- 
tion, aa  we  have  already  seen,  rests  on  the  upper  Martinaburg  shale,  which 
passes  upward  by  gradation  into  the  red  beds.  The  lower  bods  are  dull 
red,  cross-bedded  sandstones  with  pebbles  and  galls  of  clay  shale  alter- 
nating with  bright  red  shales.  Above  the  lower  200  feet  shales  are  less 
common,  cross-bedded  reddish  sandstones  predominating  often  with  clay 
pebbles.     The  thickness  varies  from  HOO  to  4.50  feet,  the  upper  60  feet 

"Rogeni.  loc.  rlt.,  p.   120. 

"  Ijftilfy.  loc.  fit.,  pp.  dRD-nni. 

■*  H.  M.  Chance :  Hrport  O,.  CHnlon  Coanly,  1880,  p.  120. 

■•  Report  Ob  p.  S9. 
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or  more  being  masBiTe,  crOes-bedded,  hard  purplish-gray  BaodBtones,  with 
thin  red  shales  on  top.  A  massive  conglomerate  with  rounded  milk- 
white  quartz  pebbles  lins  been  found  in  this  part  of  the  formation  on 
Claylick  Mountain  and  on  the  north  side  of  Cove  Gap." 

Southward  in  Maryland  and  West  Virginia  (North  Mountain)  the 
aeries  is  only  300  feet  thick.  At  the  ba^e  is  a  heavy  bed  of  cross-bedded 
white  sandstone  and  quartz  conglomerate  which  appears  to  be  local,  and 
IB  reworked  Bald  Eagle  material.  This  is  followed  by  coarse  reddish 
sandstonee,  with  eome  red  shales,  often  containing  clay  galls. 

Northwestward  these  beds  continue  under  cover  of  higher  formations 
and  do  not  appear  again  until  the  Lake  Ontario  region  is  reached,  where 
on  the  lower  Niagara  they  crop  out  again.  These  are  the  Queenston 
shales,  which  have  a  total  thickness  of  1,146  feet,  and  consist  mainly  of 
soft  red  shales,  with  some  sandstones.  Only  something  over  100  feet  are 
shown  at  Queenston,  the  lower  part  being  concealed  by  tlie  waters  of  Lake 
Ontario, 

Farther  toward  the  northwest  we  find  the  basal  portion  of  the  red  beds 
rising  and  apparently  resting  by  overlap  on  higher  and  higher  members 
of  the  Richmond  series.*'  The  Queenston  upper  members  are  seen  to 
rest  on  the  Richmond  beds  at  Cape  Commodore,  on  the  Indian  Peninsula 
in  Ontario,  Canada,'"  These  red  and  green  Queenston  beds  are  here 
109  feet  thick  and  are  followed  by  36  feet  of  lowest  Siluric  dolomite 
(Keppcl  dolomife),  above  which  follow  150  feet  or  less  of  red  "Medina" 
shales  (Cabot  Head  beds).  This  condition  can  be  traced  to  Cahots  Head, 
on  the  Manitoulin  Islands,  but  ere  long  the  red  beds  disappear  entirely. 

Northeastward  the  Queenston  red  beriH  can  he  traced  to  the  north  side 
of  the  Adirondacks,  resting,  as  already  noted,  on  the  Upper  Hudson 
shales  near  Quebec.  In  the  eastern  Mohawk  Valley  they  are  absent,  the 
Oneida  or  younger  strata  resting  on  the  Hudson  shales. 

The  age  of  the  Juniata-Queenston  fan  or  deposit  of  highly  oxidized 
sands  and  clays  is  in  part  certainly  Upper  MaysviUian,  and  in  part  it  is 
Rjchmondian,  I  do  not  believe  that  any  part  of  it  is  early  Maysvillian, 
as  suggested  by  Ulrich.*  It  is  certainly  post-Oswego.  From  analogy 
with  the  Bays  sandstone,  its  southern  equivalent,  the  base  of  this  forma- 
tion must  be  near  the  Upper  MaysviUian. 

Summarizing  the  characteristics  of  the  Juniata-Queeuaton,  we  find  it 

—  O.  W.  StOM  :  Mprceraburg-Chambmburg  Folio,  V.  B.  Qeol.  Burvef. 

"  A.  P.  Foerete :  Oeol.  8oe.  Am.  WaBhlngton  Meellng.  prclltDlasry  aDDOUDMmrut  : 
bIho  Bull.  Geol,  Soc.  Am,,  vol.  24.  March,  1013.  p.  110. 

"  IiOgan :  Osolouy  of  THnads.  18IW,  p.  HIH.     The  beds  sre  hf  re  callpd  M«llnB. 

•Mr.  lUrlcli  Iibb  Hinrp  i-ome  to  the  cnaclnaloa  that  tbe  JiinlatH-QuwDiiIon  IImwft 
Medina)  "Ib  eqiilTalent  lo  th»  grMter  pari.  1(  not  the  wholf.  o[  the  Ulchmoad."  iBull. 
Geol.  Soc.  Am.,  rol.  34,  1013.  p.  108.)    Tbis  vas  ni;  conelusloii  more  th«.n  Are  jeani  b^. 
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to  posBese  in  the  main  the  features  of  a  Bubaerial  deposit.  Such  an  origin 
is  suggested  by  the  red  color,  which  indicates  thorough  oxidation  of  the 
deposit,  by  the  mud-cracks  and  rill-markB  in  the  shaly  beds,  by  the  abun- 
dance of  clay  galla  in  all  of  the  sandstones,  by  the  croes-bedding  of  the 
deposits,  which  in  the  coarser' beds  is  of  torrential  type  and  in  others  of 
the  eolian  type,  and  by  the  irregularity  of  the  sandstone  members  which 
locally  wedge  out,  and  by  frequent  evidence  of  contemporaneous  erosion 
and  deposition,  Hipple-marlis  also  occur,  these,  where  I  have  observed 
them,  suggesting  an  eolian  origin.  Finally,  the  general  absence  of  fos- 
sils, except  where  the  formation  rests  upon  the  underlying  fossiliferous 
strata,  with  which  it  forms  a  continuous  depoaitional  series,  is  certainly 
significant.  The  fact  that  fossils  do  occur  in  some  of  the  lower  beds 
shows  that  there  is  notliing  in  this  red  rock  material  itself  which  pre- 
vented the  existence  of  marine  organisms  while  it  was  being  deposited 
and  nothing  to  prevent  their  subsequent  preservation.  The  presence  of 
these  fossils  in  the  lower  beds  and  their  al)st'nee  tliroughout  tlic  upper 
Iwds  indicates  that  the  lower  beds  wc'k  locally  dipping  into  the  sea,  but 
that  subsequent  withdrawal  of  the  sea  from  tlie  area  of  deposition  left 
the  higher  beds  to  be  deposited  as  subaerial  sediments.* 

The  extensive  oxidation  of  these  sand  and  dust  deposits,  as  well  as  the 
general  absence  of  all  traces  of  vegetation,  suggest  that  arid  climatic  con- 
ditions prevailed  during  the  deposition  of  these  beds.  The  presence  of 
saline  springs  in  the  Queenston  of  wotffern  Xew  York  tendw  to  ccuifinn 
this  interpretation.  Whether  winds  or  streams  were  the  chief  agent.*  in 
the  deposition  of  these  oxidized  (now  red)  beiis  might  be  a  Mibjecl  for 
difference  of  opinion,  I  am  disposed  to  give  the  wind  a  large  if  not  the 
largest  share  of  credit  for  the  distribution  of  these  deposits,  but  the  con- 
firmation or  refutation  of  such  a  supposition  requires  extensive  micro- 
scopic study  of  these  sandstones  which  has  not  yet  been  undertaken.  At 
the  commencement  of  deposition  of  these  red  befls  on  the  previous  delta 
of  coarser  white  quartz  sands  and  pebbles,  this  latter  was  to  a  certain 
e.vtent  reworked,  and  as  a  result  the  contact  may  in  some  cases  be  abrupt ; 
in  others  more  or  less  transitional.  The  fact  tJiat  the  beds  in  western 
N'ew  York  have  practically  the  same  thickness  as  tliose  in  central  Penn- 
sylvania shows  that  the  Juniata  was  not  a  new  fan  built  on  the  Bald 
Eagle  fan,  but  that  it  represents  in  tlie  main  the  continuance  of  that 
deposition  which  had  commenced  in  Lorraine  time,  forming  the  Bald 
Eagle,  only  under  somewhat  different  climatic  conditions.     The  same 

■  For  ■  KPneral  dlRCuiwIoD  of  thp  rhBrndprH  of  rtrer  itpfioHnti.  Hrp  Ihp  Hiittirir'x  "ITin- 
cIplMi  at  Slntlitrapbr."  ini.').  clmptpr  xlv.  nrlnlnal  xinit'tiin-i'  ami  nt1i0K)-npKli>  of  (lie 
conllnental  hydroclaBtlcB  (or  Ibe  cbaraclcrs  of  eoUan  ruckn,  rtt  (;ha:iUr  illl. 
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thing  is  suggested  by  the  fact  that  tlie  fossils  in  the  basal  portion  of  the 
red  beds,  where  they  overlap  the  Bald  Eagle  or  rest  on  ita  marine  equiva- 
lent, are  of  uppermost  Maysville  types. 

An  initial  uplift  of  the  old  laud  of  Appalachia  apparently  caused  an 
augmentation  of  river  work,  bo  that  instead  of  fine  sands  and  muds 
coarser  sands  and  pebbles  were  brought  to  the  seashore  by  the  rivers  and 
these  built  up  into  a  delta,  a  large  part  of  which  was  of  subaerial  extent. 
By  the  end  of  the  time  occupied  in  the  formation  of  this  delta — that  is, 
the  Bald  Eagle — which  was  completed  toward  the  end  of  the  Lorraine 
epoch,  the  seashore  of  this  region  had  been  pushed  northwestward  prob- 
ably to  the  region  of  Buffalo  and  southward  to  near  the  Maryland  bor- 
der, while  northward  it  probably  lay  to  the  north  of  the  present  Adiron- 
dgcks,  then  practically  non-existent.  That  over  parts  of  this  delta  con- 
ditions of  semiaridity  may  have  at  times  existed  is  suggested  by  the  oc- 
currence of  red  sand  and  clay  layers  at  one  or  more  levels  in  the  Bald 
Eagle,  but  on  the  whole  there  seems  to  have  been  a  sufficient  amount  of 
moisture  to  prevent  general  oxidation,  or  at  any  rate  there  were  stream 
and  wind  work  enough  to  wear  the  quartz  fragments  into  sand  and  re- 
move other  mineral  particles  which  by  oxidation  and  dehydration  would 
essentially  produce  red  beds. 

It  is  difficult  if  not  impossible  to  conceive  of  conditions  which  would 
bring  about  such  deposition  under  the  present  arrangement  of  moisture- 
bearing  winds.  If  we  conceive  of  a  moderately  high,  semi-mountainous 
land  on  the  eastern  border  of  the  present  North  American  continent, 
such  as  must  have  existed  to  furnish  all  the  clastic  material  piled  up  in 
the  early  Paleozoic  formations,  and  if  we  further  postulate  a  shallow,  but 
extensive  sea  lying  to  the  west  of  this,  as  is  indicated  by  the  widespread 
deposits  of  marine  Ordovicics,  we  have,  with  our  present  westerly  winds 
an  admirable  arrangement  for  extensive  rainfall  on  the  western  slope  of 
such  mountains,  but  such  extensive  rainfall  would  be  accompanied  by 
much  (egetation,  especially  if,  as  seems  likely  from  the  nature  of  the 
Ordovicic  fauna,  the  sea  was  a  warm  one.  Such  vegetation  would,  of 
course,  be  prohibitive  of  much  torrential  or  eoHan  deposition,  for  the 
mantle  of  vegetation  would  protect  the  underlying  rock  from  erosion 
except  locally.  Such  conditions  now  exist  on  the  western  slopes  of  the 
Coast  Ranges  of  Oregon,  which  face  the  ocean  and  run  at  right  angles  to 
the  direction  of  the  westeriy  winds.  Here  the  rainfall  exceeds  100  inches 
a  year."  The  eastern  side  of  these  mountains,  on  the  other  hand,  are 
much  drier  except  where  local  features  are  operative.    "The  great  height 

*I«ilih  Bowman:  Fomt  pbfalognphf.  p.  117. 
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and  continuity  of  the  Sierra  Nevada  and  the  Cascades  cause  these  moun- 
tains thoroughly  to  obstruct  the  westerly  winds  in  respect  of  moisture, 
with  the  result  that  great  stretches  of  rauntry  east  of  them  are  arid 
wastes.  ...  In  the  rain  shadow  of  the  Sierra  Nevada  the  mean  an- 
nual rainfall  is  between  5  and  6  inches  and  locally  as  low  as  3  inches."  '" 
It  is  well  known  that  torrential  and  eoUan  deposition  is  most  active 
under  conditions  of  diminished  rainfall,  where  as  a  result  vegetation  is 
scant.  With  a  high  Appalachia,  then,  to  intercept  the  moisture-bearing 
west  winds,  we  should  have  abundant  vegetation  and  little  deposition  on 
the  western  slopes,  but  arid  conditions  and  terrestrial  deposits  on  the 
eastern.  Thus  it  is  evident  that  conditions  like  the  present  would  not  be 
conducive  to  the  formation  of  such  deposits  as  the  Bald  Eagle  and 
Juniata.  If,  however,  the  winds  were  reversed;  if,  in  other  words,  con- 
ditions were  such  as  to  permit  winds  like  the  trades  to  flow  from  the 
east  across  the  high  ranges  of  Appalachia,  leaving  the  moi.stnre  which 
they  brought  from  the  Atlantic  on  the  ea/tlern  slopes,  and  causinji  rela- 
tive aridity  on  the  western,  the  conditions  found  in  the  Bald  Eagle  and 
Juniata  might  readily  be  accounted  for.  They  might  indeed  be  postu- 
lated from  the  given  premises.  Such  conditions  now  exist  on  the  western 
slopes  of  the  Andes  in  South  America,  which  form  a  barrier  for  the 
southern  trade  winds.  West  of  them  the  Atacama  Desert  of  Chili  ex- 
tends from  the  mountains  to  the  coast,  as  one  of  the  most  barren  and 
forbidding  wastes  imaginable.  If,  by  way  of  argument,  we  postulate  the 
existence  of  such  winds  in  late  Ordovicic  time  in  this  part  of  the  conti- 
nent, we  could  understand  that  a  moderate  elevation  of  the  Appalachian 
iild  land  would  induce  heavy  torrential  deposits  on  the  western  slopes  of 
this  land-mass,  such  as  are  found  in  the  fragment  now  constitutiilg  the 
Bald  Eagle  conglomerate.  That  this  is  only  a  fragment,  the  western- 
most end  of  a  once  much  more  e.vtensive  fan,  will  presently  be  shown  to 
be  the  case.  Other  fans  of  this  type  may  have  formed  to  the  south,  along 
the  western  slope  of  Appalachia  and  northward  in  the  Xew  England 
regions.  But  these  have  either  been  entirely  removed  by  erosion  or  by 
metamorphisms  have  been  rendered  unrecognizable. 

If  after  the  iormation  of  the  Bald  Eagle  fan  or  fans  a  further  loca! 
rise  of  the  Appalachian  old  mountain  land  occurred,  the  aridity  ot  the 
interior  or  western  slope  would  be  increased,  and  torrential  deposits 
would  be  replaced  largely  by  eolian  deposits,  the  thorough  oxidation  of 
which  would  eventually  result  in  the  formation  of  a  red  series.  These 
oxidized  deposits  may  extend  to  the  margin  of  the  sea  and  into  it,  for 

•Ibid,  p.  120. 
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the  presence  of  the  Bea  might  have  no  pronounced  influence  on  the  cli- 
m&tic  conditioiiii  over  the  adjoining  sloi>e8  of  the  Appalachtftn  old  land, 
Buch  diinatic  conditions  being  determined  by  wholly  distinct  cansw. 
That  Biich  periodic  elevation  of  the  old  land  might  have  taken  place  can 
not  be  denied.  Indeed,  the  probability  of  repeated  elevations  is  Fug- 
gested  by  the  fact  that  a  pronounced  deformation,  with  intense  foldinj; 
and  faulting,  brought  the  Ordovicic  period  to  an  end.  Such  successive 
risings  might  be  considered  preliminary  movements,  which  culminated 
in  the  great  Taconic  Mountain  revolution. 

The  conditions  most  favorable  for  the  formation  of  these  late  Ordo- 
vicic continental  deposits  are  shown  in  the  following  diagram  (figure  5), 


fin  ['RE  ."i. — Hypiillirt 
SbovlDB  the  depoHllB  wbich  would  mull  It  tbe  jirpvalllng  wlndg  wriv  FaslcrllH 

but  it  must  be  borne  in  mind  that  this  is  only  one  possible  explanation, 
and  that  it  apparently  involves  the  recognition  of  a  wholly  different  posi- 
tion for  the  earth's  axis  from  the  existing  one.  There  may  be  other  «- 
planations,  but  I  can  not  help  thinking  tliat  in  view  of  the  succession  of 
such  deposits  which,  as  will  be  shown  in  (his  and  subsequent  papers,  are 
repeated  four  times  in  the  Appalachian  region,  none  can  be  so  satii^fyinp 
or  can  so  completely  account  for  all  the  phenomena  observed.  The  full 
signiticBnce  of  such  an  arrangement  and  the  possibility  of  its  having 
occurred  will  be  discussed  in  a  subsequent  paper.* 

PROBABLE  BITBfIT  OF  FOLDIKO  OF  TBB  BTBATA  AS'D  eUBBEgUEXT  BROSWS 

General  discussion. — As  is  well  known,  Ordovicic  sedimentation  was 
followed  by  a  folding  of  the  strata  in  the  eastern  part  of  Xorth  America, 
That  this  folding  of  the  Ordovicic  strata  was  in  pre-Shawangunk  time  is 
indicated  by  the  striking  unconformity  everywhere  found  between  this 
rock  and  the  Hudson  series  on  which  it  rests.  That  it  occurred  long 
before  the  depositioTi  of  the  Shawangunk,  the  age  of  which  is  bajyil 
Salina  (basal  mid-Siluric),  is  shown  by  the  very  pronounced  character 
of  the  unconformity,  and  by  the  extensive  erosion  which  the  lower  beds 
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Buffered  before  the  deposition  of  the  higher  bede.  That  Richmond  strata 
(chiefly  the  Juniata  red  ehalee  and  sands  representing  Richmond  beds  in 
the  east)  were  involved  in  this  folding  is  suggested  by  the  succeeding 
events.  This  narrows  the  period  of  deformative  movement  down  to  the 
interval  between  early  or  middle  Richmond  and  some  time  before  the 
beginning  of  Salina  time.  The  Susquehanna  section  indicates  that  this 
period  must  be  narrowed  still  further,  and  that  the  folding  took  place 
during  the  otherwise  almost  unrepresented  interval  between  Ordovicie 
and  Siluric  time.  That  this  period  was  one  of  almost  if  not  quite  com- 
plete withdrawal  of  the  sea  from  the  interior  of  the  North  American 
continent  is  indicated  by  the  widespread  disconformity  between  Rich- 
mond and  Clinton  formations.  This  disconformity  is  marked  in  the 
Upper  Mississippi  region  by  pronounced  indications  of  erosion  of  the 
older  beds,  especially  the  Maquoketa  shales,  which  are  classed  by  Sehu- 
chert  as  Middle  Richmond.  As  has  been  shown  by  Weller"  and  others, 
these  Maquoketa  beds  mark  a  widespread  transgression  of  the  sea  during 
later  Richmond  time,  resting  generally  with  a  disconformity  on  Trenton 
(Galena,  etcetera).  There  is  therefore  much  reason  for  believing  that 
the  entire  Upper  Richmond  was  deposited  over  the  northwestern  part  of 
the  United  States.  That  this  Richmond  transgression  was  coincident 
with  the  spread  of  the  Juniata  fan  is  not  improbable  and  is  not  at  all 
inconsistent  with  the  character  of  these  deposits.  The  absence  of  highest 
Richmond  in  the  Upper  Mississippi  section  is  to  be  accounted  for  by 
subsequent  erosion  during  the  emergence  which  preceded  the  Lower 
Siluric  (Niagaran)  transgression  of  the  sea.  That  this  interval  was 
coeva!  with  the  folding  and  subsequent  partial  erosion  of  the  Ordovicie 
strata  seems  probable  and  is  indeed  suggested  by  the  character  of  the 
early  Siluric  deposits.  An  interesting  fact,  throwing  some  light  on  the 
character  of  the  interior  at  this  time,  is  found  in  the  eroded  surface  of 
the  Maquoketa  shales  of  the  eastern  Wisconsin  region  and  its  relation  to 
the  succeeding  deposits.  The  erosion  plane  is  covered  by  shale  pebbles 
which  have  a  pronounced  glossy  surface,  intimately  suggestive  of  desert 
varnish.  These  pebbles  form  a  pavement  on  which  the  early  Siluric 
utrata  rest.  These  latter  begin  in  at  least  one  case  with  an  oolitic  iron 
ore.  the  form  and  structure  of  which  is  such  as  to  suggest  dunes  of 
oolite  similar  to  those  now  forming  on  the  border  of  the  Great  Salt  Lake. 
Subsequent  replacement  converted  these  oolites  into  iron  orc"^  (figures 

"  Stuart  Waller :  Journat  of  Gtolaty,  vol.  IS.  pp.  S10-S2S. 

*  S«v  A.  W.  (>ral)au  :  Pbyatoal  and  raunal  rondltlDUB,  «lcplera.  In  "OutltoM  of  gra- 
loRlcsl  hl«tory,"  p.  70,  For  the  dlm-iiiiHloii  of  the  general  problem  of  oolite  foroiatloD, 
■n  Principle*  ot  Strattgrapb<r,  chapters  Ix  and  xl. 
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6  aod  7).  A  di  scon  form  able  contact  with  the  underlying  formations  ie 
further  indicated  by  the  Clinton  of  Ohio,  which  contains  well-rounded 
foreign  pebbles  in  its  basal  portion.  The  fact  that  the  Juniata  and  suc- 
ceeding Siluric  deposits  of  central  Pennsylvania  are  essentially  concor- 
dant in  dip,  though  separated  by  a  disconformity  and  hiatus,  shows  that 
the  effect  of  the  post-Ordivicic  folding  was  not  felt  as  far  west  as  this 


region.  The  absence  of  Juniata  and  Bald  Eagle  beds  in  eastern  Penn- 
sylvania, where  they  must  have  existed,  since  the  material  of  which  tlicy 
are  composed  could  only  have  been  derived  from  the  old  land  still  farther 
to  tlie  east,  is  explained  by  the  fact  that  the  Taconic  folding  carried  the 
bottoms  of  the  syncHnes  above  the  present  erosion  plane.  When  it  is 
remembered  that  these  folds  were  truncated,  and  that  the  region  wa,s 
essentially  peneplaned  in  early  Mesozoic  time,  and  that,  iinally,  Tertiary 


erosion  has  affected  primarily  this  eastern  belt,  it  is  not  surprising  that 
all  vestiges  of  the  former  eastward  extent  of  these  formations  have  been 
removed. 

If  we  consider  that  the  first  effect  of  folding  in  this  region  was  to 
throw  the  red  Juniata  beds  into  relief,  and  with  these  the  underlying 
wiiite  Bald  Eagle  quartzites,  we  are  compelled  to  recognize  that  the  first 
fruit  of  subsequent  erosion  winild  be  an  abundance  of  red  (or  liiglily 
■jxydiKcd)  material,  followed  by  while  quartzitic  material,  when  the  axes 
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of  the  anticlines  had  been 
t'ut  down  to  the  Bald  Eagle 
quartziteB  and  conglomer- 
ates. Here  I  think  we  have 
the  souFL'e  of  the  Medina 
red  Bands  and  of  the  suc- 
ceeding Tuscarora  white 
quartzites,  the  Oneida  cun- 
glomerate  and  its  westward 
extension,  the  T  h  o  r  o  I  d 
quartzite  or  upper  gray 
band  of  Rochester,  Niagara, 
and  the  nortbwefteru  re- 
gion. These  relationships 
are  shown  in  figures  S  and 
».  That  a  part  of  the  beds 
claiised  collectively  as  the 
Juniata  of  Pennsylvania  in- 
clude some  of  the  reworked 
Juniata  of  Medina  age  can 
not  l>G  questioned.  It  is  this 
uppermost  part  which  con- 
tains the  Medina  i^olithus 
{S.  rerticalix)  and  in  some 
cases  the  Arthropliycus. 
\Vliether  the  sea  advanced 
into  1  Pennsylvania  during 
this  redeposition  of  the  old 
Juniata  sands  and  muds  de- 
rived from  the  folded  region 
of  the  east  is  not  certain. 
Its  c.\istence  in  western  New 
York  during  part  of  the 
time  is  proved.  In  any 
case,  whether  continental  or 
partly  marine,  the  contact 
of  the  Juniata  and  Mtnlina 
would  be  obscured  or  ren- 
dered wholly  unrecogniz- 
able, even  though  a  consid- 


si 
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erable    liiatiis   existed   between    the 

■3  two.     At  the   Susquehanna  Gap  at 

=  least  lU  feet  of  this  Medina  series  is 

KL  shown    underlying    the    Tuscarora. 

&  These  beds  will  be  more  fully  dis- 

\  cussed  in  a  later  section. 

g  The  hay.t  sandstone — General  re- 

g  suits  of  studios  made. — This  saiid- 

%  stune,  formerly  also  called   Medina 

^  and  generally  correlated   with   that 

.g  formation,  appears  at  present  to  be 

5  restricted  to  the  eastern  counties  of 

/                                      &  Tennessee  and  the  adjoining  area  of 

(   -•                                    >.  southern    Virginia   and    West    Vir- 

z"^.  _                                           ^  ginia  and  parts  of  eastern  Kentucky. 

^  g  Fairly    satisfactory   descriptions    uf 

^  *  this  formation  are  given  in  the  folium 

-  I  of  the  Geological  Atlas  of  tlie  United 

I*  IStates  covering  this  section,"     In 

t\  the  summer  of  1906  I  spent  several 

1 5  weeks  in  the  field  studying  this  for- 

■  i  matioii  in  Virginia,  West  Virginia, 

£  £  and  Tennessee,  and  at  that  time  J 

«  g  arrived    at    essentially    the    couelu- 

*  I  sions    here    given.      Some    of    these 

^  I  have  elsewhere  been  stated  in  print, 

S  but  tJie  entire  problem  has  not  been 

9>  presented  heretofore.     It  should  be 

I  stated  that  my  published  conclusions 

g  have  been  severely  attacked,  but  such 

3  attack  has  not  found  its  way  into 

S  print.     Subsequently  many  of  these 

^  conclusions     have     been     generally 

B  adopted,  especially  those  regarding 

I  the  general  Upper  Ordovieic  age  of 

S  the  formation.     At  the  end  of  the 

I  prtisent  review  I  find  myself  staud- 

^  ing  essentially  where  I  stood  seven 

£  "Sun  »pMla1l;  iiiimb«rs  12.  16,  23.  26, 
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yenTS  ago  with  reference  to  the  age,  origin,  and  etratigraphic  sigoificance 
of  this  formation. 

The  greatest  thickness  recorded  for  this  formation  (1,600  feet)  is 
north  of  ChiUiowee  Mountain,  a  mass  of  Cambric  sandstone  and  con- 
glomerate thrust  over  the  Ordovicic  strata.  This  is  in  Blount  County, 
Tennessee;  on  the  southeast  corner  of  the  Loudon  quadrangle.  The  for- 
mation rests  on  the  Sevier  shale,  which  here  ia  2,000  feet  or  more  thick 
and  has  several  members  of  calcareous  sandstone  and  some  limestones. 
In  character  the  Bays  is  here  a  somewhat  calcareous  red  sandstone,  with 
more  or  less  feldspathic  material  and  some  white  sandstone  members.  It 
is  succeeded  by  the  Clinch  sandstone,  which  for  the  most  part  had  been 
eroded  in  pre-Chattanooga  time.  Northwestward  in  this  quadrangle  the 
formation  disappears  by  erosion,  though  here  and  there  patches  remain. 
These  are  generally  rather  calcareous.  The  Clinch  is  also  absent  in  this 
region  and  the  Rockwood,  largely  composed  of  the  waste  of  the  Clinton 
ami  Bays,  rests  on  the  erosion  remnants  or  on  lower  formations  down  to 
the  Chickamauga  limestone. 

■  It  is  a  remarkable  fact  that  nowhere  west  or  south  of  this  locality,  in 
Tennessee,  Georgia,  or  Alabama,  is  there  any  remnant  of  the  Bays  or  the 
Clinch  recorded.  Throughout  this  section  the  Rock  wood,  composed 
largely  of  the  debris  of  these  formations,  rests  on  the  eroded  surface  of 
the  Chickamauga  limestone,  or  its  shale  equivalent,  the  Athens.  Since 
the  Rockwood  is  essentially  K'iagaran,  except  where  it  includes  Medina 
and  Clinch,  a  great  amount  of  erosion  is  indicated  for  post-Bays-pre- 
Rockwood  time,  for  not  only  have  the  southward  and  westward  extension 
of  the  Clinch  and  Bays  been  removed,  but  also  the  whole  of  the  Sevier 
shale,  which  in  the  Chilhowee  Mountain  region  has  a  maximum  thickness 
of  S,300  feet.  From  this  we  must  conclude  either  that  the  Rockwood  is 
of  late  Niagaran  time  or  that  it  includes  the  true  Medina  at  its  base 
formed  from  the  erosion  of  the  eastward  extension  of  the  Bays,  but  not 
of  the  Clinch.*     This  will  be  more  fully  discussed  in  a  later  section. 

In  the  southern  extension  of  Bays  Mountain,  8  or  10  miles  southeast 
of  Knoxville,  Tennessee,  the  formation  rests  on  the  Sevier  shale,  which 
is  here  1,200  feet  or  more  in  thickness.  The  Bays  itself  is  not  fully 
preserved,  only  from  300  to  500  feet  occurring,  this  constituting  the 
highest  formation  of  the  region.  It  is  probably  only  the  lower  calcareous 
member  of  the  series  which  is  here  seen.     Southeastward,  however,  in 

*  riiicta  b>s  BiDce  showD  that  tbe  typical  Bockwood  ol  Haalheaatrm  TctiDHHec  Id- 
cIndM  "npreNDtaClTM  of  Ibe  JunUU  and  of  »11  the  dUtlngulsbsble  mfmben  of  tbe 
Upper  UhIIiik  Id  Nev  York,  bat  that  It  dues  Dot  Include  brdi  of  CIlBton  age."  (Bull. 
Otol  Sue.  Am..  Tor.  24.  p.  108.) 
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the  Chilhowee  Mountain  region,  it  reaches  a  thickness  of  1,100  feet,  and 
it  here  is  a  good  red  sandstone,  and  contains  considerable  feldspar,  being 
at  times  an  arkose.  It  is  succeeded  by  the  Clinch  sandstone,  of  which, 
however,  only  a  single  slight  mass,  G  feet  in  thickness,  remains.  The 
(  linch,  or  in  ita  absence  the  Bays,  is  tlisranfonnably  succeeded  by  th* 
Chattanooga  shale,  there  being  no  Kockwood  preserved  here.  Northeast- 
ward, along  the  strike  of  the  strata  in  the  Morristown  and  Orennlle 
quadrangles  (numbers  27  and  118)  near  the  Virginia  line,  we  ctane  to 
the  type  section  in  Bays  Mountain,  in  Hawkins  and  Green  counties, 
Tennessee.  Here  the  formation  is  only  from  300  to  500  feet  thick  and 
consiBts  of  a  red  calcareous  and  argillaceous  sandstone,  resting  with  ap- 
parent conformity  upon  the  Sevier  shale,  which  is  here  1,500  to  2,500  or 
3,000  feet  thick,  and  contains  beds  of  calcareous  sandstone  in  the  upper 
part,  which  forms  a  gradation  into  the  Bays  sandstone.  It  is  interesting 
to  note  that  reddish  sandstones,  the  Tellico,  occur  low  down  in  the 
Sevier,  showing  apparently  the  general  existence  at  the  beginning  of 
Upper  Ordovicic  time  uf  the  conditions  which  became  so  marked  toward 
its  close.  Throughout  its  outcrop  in  the  section  the  Clinch  sandstone 
succeeds  the  Bays  with  a  thickness  of  several  hundred  feet,  while  the 
Rockwood  here  is  essentially  a  shale.  In  the  southwest  end  of  the  Bays 
Mountains  the  Bays  sandstone  is  reported  as  more  or  less  interbedded 
with  the  white  Clinch  sandstones  near  the  top,  though  usually  the  for- 
mations are  sharply  separated.  Prom  these  strata  Keith  says  Silurian 
brachiopods  have  been  obtained,  but  from  his  statement  it  is  not  clear 
whether  these  are  in  the  transition  be<ls  and  true  Siluric  species  or  in 
the  basal  beds  and  "Lower  Silurian"  or  Ordovicic  species.  Ulrich,  in 
his  correlation  table,  makes  the  typical  Bays  sandstone  of  Upper  Black 
Eiver  and  Lower  Trenton  age,  but  gives  no  reason  for  such  correlation. 
While  it  is  not  impossible  that  an  earlier  red  series  occurred  in  the  Ten- 
nessee region  (witness  the  Tellico  sandstone  and  the  Red  Moccasin  lime- 
stone), the  fact  that  the  Bays  of  the  type  section  rests  on  a  great  develop- 
ment of  Sevier  shale,  with  which  it  forms  a  continuous  depositioiial 
series,  and  that  the  Bays  elsewhere  in  this  re^fjon  is  of  I»rraine  ami 
later  age  indicates  that,  so  far  as  this  sandstone  is  concerned,  it  is  all  of 
Upper  Cincinnatian  age.  Northward  and  westward  the  Bays  sandstone 
becomes  more  calcareous  and  thinner.  While  having  a  general  thickness 
of  500  feet  in  Clinch  Mountain,  its  thickness  northwest  of  this  section 
is  seldom  more  than  half  that  amount.  Here  as  elsewhere  tiie  Sevier 
grades  upward  into  the  Bays,  beds  of  reddish  sandstone  appearing  in  the 
upper  part  of  the  Sevier,  followed  by  fossiliferous  shales  and  limestones. 
In  the  Powell  Valley,  at  the  base  of  Cumberland  Mountain  in  north- 
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B  the  weateniinost  outcrops  of  the  Baya.  It  has  here 
become  a  thin-bedded,  red,  argillaceous  limestone  and  shale  from  160  to 
SOO  feet  thick,  but  the  top  is  worn  away,  the  next  succeeding  formation 
being  the  Rockwood  shales.  The  Bays  rests  here  on  red  and  green  shalea, 
marking  the  upper  part  of  the  Sevier  formation.  Little  is  seen  of  this 
formation,  which  seems  to  havfe  been  cut  out  by  faulting  or  crushing. 
Nevertheless,  the  contact  with  the  Bays  is  shown,  or  rather  there  is  a 
gradation  from  gray  to  red  shales,  in  which  fossils  of  the  Upper  Cincin- 
nati group  abound.  Near  Jacksboro,  Tennessee,  I  have  succeeded  in 
making  the  following  section,  which  is  only  approximate  on  account  of 
the  great  development  of  shear  zones  and  faults.  Much  of  the  soft  shales 
is  probably  crushed  out  owing  to  the  pressure  against  the  hard  Carbouic 
conglomerates,  which  are  here  sharply  upturned.  The  Bays  ia  every- 
where succeeded  by  the  Rockwood,  which  here  is  chiefly  a  clay  shale,  with 
Clinton  ( ?)  fossils  and  bauds  of  limestone  and  iron  ore. 

Section  of  the  Bays-Sevier  near  Jacksboro,  Tennessee. — Along  the  road 
leading  up  Cumberland  Mountain  and  in  the  adjoining  ravines  (Brice- 
ville  quadrangle),  beginning  at  the  base  of  the  section,  the  Chickamauga 
limestone  is  exposed  a  short  distance  below  the  house  of  Mr.  Sharp,  the 
last  inhabited  house  on  the  road.  The  dip  of  the  strata  here  is  C°  to  the 
northwest,  the  strike  throughout  being  around  north  50°  east.  The 
limestone  is  very  fossiliferous,  carrying  Pleclambonitcx  sericeus,  Asaphus, 
etcetera.  After  a  short  concealed  interval  a  soft,  greenish  gray  clay 
shale  is  exposed  by  the  roadside,  having  the  same  dip.  Then  follows  an 
interval  of  about  650  feet  in  horizontal  distance,  over  which  no  exposures 
are  found.  The  next  exposure  begins  with  greenish  and  grayish  to  red- 
dish shale,  with  included  arenytes  dipping  60°  to  the  north.  This  is  the 
beginning  of  the  hill  slope ;  between  it  and  the  limestone  outcrop  a  valley 
intervenes,  caused  by  the  presence  of  the  shale.  It  is  probably  in  this 
interval  that  much  of  the  Sevier  shale  has  been  crushed  out. 

There  is,  however,  another  aspect  of  the  matter  which  must  not  he 
orerlooked,  namely,  that  the  widespread  absence  of  the  Sevier  shnle  from 
this  point  westward  is  due  to  the  fact  that  it  was  never  deposited  as  a 
shale.  I  do  not  believe  that  there  was  any  break  in  deposition  here  be- 
tween the  Chickamauga  and  the  Bays  any  more  than  that  there  was  such 
a  break  between  the  Chickamauga-Sevier  and  the  Sevier-Bays  farther 
east.  It  looks  more  as  if  the  Chickamauga  limestone  of  this  section  S,0()0 
feet  or  more  in  thickness  represented  in  its  upper  part  what  farther  oast 
is  represented  by  Lower  Sevier.  Thus,  in  the  section  north  of  Bays 
Mountain  (Knoxville  quadrangle),  the  Chickamauga  and  Sevier  are  each 
SXXI— Bcu.  QMt..  8oc.  Ah.,  Vol.  24, 1612 
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alMut  1,000  feet  thick  and  are  separated  by  the  Tellico  sandstone  from 
250  to  500  feet  in  thiekoesa.  Still  farther  to  the  southeast,  in  the  same 
quadrangle,  the  Chickamauga  is  only  50  feet  thick,  but  it  is  followed  by 
1,000  to  1,200  feet  of  calcareous  shales,  the  Athens,  on  which  rest  the 
Tellico  calcareous  sandstones  and  shales,  800  to  900  feet  thick.  Above 
this  follows  tlie  Sevier  shale,  wiiich  here  has  increased  to  2,200  or  eveii 
3,000  feet  (4,000  feet  is  the  estimated  thickness  at  the  northern  end  of 
Bays  Mountain),  and  carries  several  heavy  sandstone  members.  If  we 
then  assume  that  no  elimination  of  beds  by  faulting  has  occurred,  and 
rule  out  further  hypothetical  diseonformities,  we  obtain  about  300  feel, 
more  or  less,  of  soft  shales  as  the  representative  of  the  Upper  Sevier  in 
this  region,  much  of  this  being  taken  up  by  the  concealed  interval. 

The  lower  130  feet  of  the  shales  appearing  next  above  the  concealed 
interval  are  fossiliferous,  containing  Pleclorlliis  fi-xsicaxla,  Rafineniiaiim 
alternala,  Flalystrapliia  cf.  htforata,  Zygoxpira  of  modcsta  group,  Clfido- 
phorovK  cf.  planulalum,  Calyminene  nenaria,  etcetera.  This  fauna  is 
essentially  an  Upper  Lorraine  or  about  the  middle  of  the  Maysville. 

The  shales  already  show  a  reddish  color,  but  this  is  not  very  pro- 
nounced, nor  is  lime  a  very  prominent  constituent  of  this  section.  For 
15  feet  above  the  last  fossiliferous  layer  the  strata  become  more  sandy 
and  somewhat  more  reddish.  Then  the  cliff  is  covered  for  a  distance  of 
125  feet,  which  with  a  dip  of  60°  would  make  about  105  feet  of  strata. 
Throughout  this  distance,  however,  variegated  clays  crop  out  at  the  ba.^e 
of  the  cliff.  When  the  beds  are  exposed  again,  they  are  deep,  brick-red 
clays,  with  occasional  sandstones.  No  fossils  have  been  found  in  these 
beds,  which  have  a  thickness  of  40  feet.  Then  the  section  is  again  cov- 
ered for  a  distance  of  225  feet  to  the  forking  of  the  road.  This  corre- 
sponds to  a  thickness  of  about  190  feet,  though  variations  in  the  dip  make 
this  only  approximate.  The  section  is  continued  in  a  stream  channel 
below  the  road,  where  appear  the  same  brick-red  shales,  alternating  with 
pale-red  beds.  Occasionally  bands  of  hard,  greenish  and  red  limestone 
occur  in  these  higher  beds.  They  stand  out  in  relief  among  the  clays, 
but  no  fossils  have  been  found  in  them.  In  these  limestones  mud-crack 
structures  have  been  observed.  Overlying  the  limestones  is  a  series  of 
soft  beds  which  are  concealed  for  a  distance  of  250  feet,  making  a  thick- 
ness of  200  feet,  more  or  less.  Over  most  of  this  area,  however,  the  rock 
is  gust  below  the  surface,  which  is  full  of  fragments  of  a  fine-grainwl, 
thin-bedded  sandstone  derived  apparently  from  the  concealed  beds.  Then 
follows  the  fossiliferous  iron  ore  of  the  Rockwood,  which,  with  its  imme- 
diately inclosing  beds,  gives  a  thickness  of  20  feet.     After  this  follow 
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thiu,  greenieh  shales  aod  some  sandstooes,  which  liave  a  total  thickness 
of  about  300  feet.  The  highest  bed  of  the  series  is  a  soft  fire-clay,  which 
is  succeeded  by  the  Chattanooga  black  shale.  Summarizing  this  section, 
we  have  the  following: 

iS.  Clinttanooga  black  shttle.  Pert       Feet 

12.   (Grpnt  hliituit  and  dltic<infornilt.v. I 

11.  Greenlsl)  Rbaleit  and  sandRtoiieti  with  ii  termitial  bed  of  Are 

clay,  Rookwood  foniintion 300 

10.  Rockwood  roHRillferouH  iron  ore  and  associated  rocks 20 

9.  TblQ-beddcd  saudstone  mostly  concealed,  probably  Kockwood.  200 

Total  Rockwood 520 

8.  Red  clays  with  included  (bin  greenlsli  or  red  IlnieHtone  bands, 

the  latter  showing  mod  crackB.  mostly  covered 200 

7.  I>eep  brick-red  clays  witb  occasional  sandHtoiies;  no  fosslla..     40 

Ii.  VarlegHted  clays  mostly  covered 100 

5.  Sandy  reddlsb  clays  and  slialen 15 

Total  Bays, 360  ± 

4.  Reddlsb,  ip«enlsb,  and  grayish  sbales  with  numerous  upper 

Ordovlcic  fossils  representlnK  late  Lorraine  aRe 130 

3.  Covered  Interval,  soft  shales,  thickness  estimated 300 

2.  Thin  Clay  shales,  partly  covered,  estimated 10 

Total  Sevier  shales 440 

1.  Cblckamauga  limestone. 

There  is  here  a  perfect  gradation  from  the  Sevier,  with  its  Upper  Lor- 
raine fossils  into  the  unfossiliferous  Bays.  This  tatter  is  mainly  a  clay 
shale,  though  calcareous  beds  are  not  wanting.  There  is  no  way  of  esti- 
mating the  original  thickness  of  this  formation,  nor  is  it  known  if  the 
Clinch  sandstone  ever  extended  so  far  to  the  northwest.  One  would  think 
it  likely  that  this  was  the  ease,  but  proof  for  this  is  wanting. 

The  Bays  Mountain  anticline  sinks  out  of  sight  after  entering  Sullivan 
County,  Tennessee,  a  few  miles  below  the  Virginia  State  line,  but  a 
second  pronounced  monocline  occurs  to  the  north  ot  it,  running  from 
Tennessee  into  Virginia.  This  is  Clinch  Mountain,  the  top  of  which  is 
formed  by  the  Clinch  sandstone.  The  Bays  sandstone  just  underlies  it, 
but  seems  to  be  somewhat  thinner  in  this  mountain  than  it  is  farther 
north,  due  no  doubt  to  unequal  erosion.  In  the  section  along  the  road 
leading  across  this  mountain  above  Mendota,  Virginia  (Bristol  quad- 
rangle), the  contact  between  the  Bays  and  the  underlying  Sevier  is  well 
shown  on  the  north  of  the  monocline.  Here  I  found  the  following  sec- 
tion exposed  in  the  summer  of  1906.    The  beds  dip  at  a  very  uniform 
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angle  of  iT"  to  30°  to  the  southeast  and  were  well  exposed  for  measure- 
ment and  obsenatioii : 

SectlOD  on  Clluch  MountaLa  near  Mendotn,  Virginia 
it.  Cllneh  BHiidxtoiie.  Pmt 

8.  Huy»  wiiul>"toiie,  iiiiirf  or  lesn  well  exposed ;  red,  orteti  ero!ui-liedde<l ....  29B 

7.  Iiiteniil   10 

It.  It(^  HHiidittum'  aiul  Hliiile.  t.viil<-a]  Buj'x 214 

r>,  Iteil   nil  1 1  (IhI  line  i-oiilaliitiiK  iH>le<->'iiudt>.   jMmrly   |jrmerved,   but   resem- 

lilllIK  AiiiHigcuUi 40 

4.  Ited  futmlllferouH  xandtitoiie  nnd  talinle.  gradlug  downward    Into  tbe 

underlying  bed  by  a  gradual  ohauge  In  color S 

Ttie  fuwIlH  olibiliied  are :  Hormutoma  cf.  bcllicincta,  cruebed 
nioldM ;  Ttlraiiritii  ct.  ohnolrta  U.  and  S.,  internal  molds. 
:t.  (Jreenisli,  ypllowiitli.  anil  pinklxb  siindstonen  with  Byxnonlcbia  cf. 
radlata.  tnontly  fruHlied  but  common;  B.  cf,  prtecurga  Ulrlcb,  rare; 
U.  cf.  iihrita  T'lrli'b ;  ^loilioinorpha  ?  and  otber  pelecynodti.  3^  feet 
above  the  liane  occnrit  a  4-lncb  caleareous  lied  full  of  fomlls.  In- 
cluding; lliiKxtiiiiKhia  i-r.  radiata;  H.  cf.  richmfin^cMU  tllrleh ;  B.  cf. 
itbena  rh'Ic'li,  anil  otiier  ]>elefy[iodti.  Above  tills  o<i-ur  the  following 
s|iet'ie!<  ni<  to  30  feet  from  llie  iHiHe:  Heberlella  8iHuata.  Zuffo»pira 
wiodt'Jt/H,  Zmvpira  Inrvcr  siipcleii.  Ftcrinca  demixia,  Byitnonychia  at. 
Tcalkrrrtiih  iqi.  nuv.    Re<l  lie^ls  ajiiiear  commonly  far  down  In  tbia 

dlvtxion.  eKtubilHblni;  a  [lei-fect  gradatloD  to  tbe  tied  overlying 35 

2.  Calcareous  beil«  allenintliiK  with  sbalex,  exposed  ut  tbe  torn  In  tbe 
road.      FohsIIh   ninlnty   brachloi>o(lB.   incluillug ;    Zyuospira   modcita, 

y.yguspira  sp.,  aud  otUerH,  including  a  number  of  jielecypoda 4 

1.  Sbnic.  grndually  lieeonilng  more  xaiidj'  upwardn:  the  beds  of  sand- 
stone Inei'ease  In  tbicknesH  aud  frequency  tmtU  the  formation  Is 
mostly  a  sandstone,  some  of  whici)  Is  of  a  reddish  color,  while  most 
of  It  la  greeiiisb  or  gray.  Fossils  abound.  This  Is  typical  Sevier 
shale.  Thlcknens  not  measured.  Tbe  total  thickness  of  the  Serier 
aliale  for  tbls  section  Is  given  as  about  1,300  feet  by  Campbell 
(Bristol  folio). 

There  is  no  question  here  of  the  intimate  relation  existing  between  the 
Sevier  and  Bays.  The  former  grades  upward  into  the  latter.  At  first 
marine  conditions  still  prevailed,  while  the  deposition  of  "red"  sands  and 
muds  had  already  bepun,  and  tbo  last  of  the  survivors  of  the  Cineinnati 
fauna  of  this  region  were  enibeddetl  in  the  basal  sandstones  of  the  grow- 
ing Bays  delta.  The  total  absence  of  fossils  in  the  overlying  beds  and 
the  general  character  of  the  formation  clearly  indicate  that  here  was 
forming  a  subaerial  deposit  of  highly  oxidized  sands  and  dust,  similar  to 
that  which  formed  the  Juniata  farther  to  the  north.  The  fossils  indicate 
the  age  of  the  basal  beds  of  the  Bays  to  be  late  Upper  Ordovieie,  the 
precise  correlation  being  perhaps  Upper  Maysvillian— that  is,  post-Loi- 
raine.    A  decided  Richmond  element  is  also  observable. 
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1.  CardlDHl  view  of  n  cast  iplaMotypel  rroni  a  rock  mold. 

2.  iDlrraat  rock  mold.  nbowlDg  the  iiRual  form  or  occiirrencp. 

.t.    Vlp«    of  anolbpr   Bpeclmpn   from   the   Irachlal   ralve   Bide.   Bhowlne   nalural    mnlUn 
fold  and  pLIcatloDB. 

Alt  the  :<jHM.'lmena  are  aatiiral  size.     Typfs  Id  vollpctlon  of  Columbia  tinlveralty. 
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Clinch  Mountain  is  replaced  northeastward  by  East  River  Mountain, 
a  pronounced  monoclinal  ridge,  with  strata  dipping  to  the  southeast  and 
the  eroded  edges  facing  the  Carbonic  Plateau,  from  whicli  it  is  separated 
by  a  narrow  valley.  Its  crest  forms  the  boundary  line  between  Virginia 
and  West  Virginia  in  this  section.  The  strata  have  been  in  part  thruKt 
up  onto  the  younger  beds,  but  on  the  whole  little  disturbance  is  noticeable 
within  the  beds  of  the  mountain.  Southward  from  this  are  a  number  of 
other  ridges,  among  which  is  Big  Walker  Mountain,  part  of  another 
overthrust  block  of  these  Onlovicic-Sihiric  xtrata,  which  hero  alwi  dip  to 
the  southeast.  This  latter  ridge  may  In  general  be  considered  the  con- 
tinuation of  the  Bays  Mountain  folds,  bring  up  essentially  the  con- 
tinuation of  the  strata  of  those  mountains. 

The  Bays  of  Big  Walker  Mountain,  Virginia. — A  visit  to  Stevensons 
foKil  locality  on  Big  "Walker  Mountain  enabled  mc  to  secure  a  goodly 
number  of  fossils  from  the  soft,  red  Bays  sandstones  on  tiie  north  side  of 
the  mountain,  estimated  at  perhaps  100  feet  below  the  {'llncii.  The 
general  thickness  of  the  Bays  in  this  region  is  estimated  by  Campbell 
(Pocahontas  folio)  to  be  about  250  feet,  which  brings  the  fossiliferous 
horizon  near  the  middle  of  the  formation,  though  some  greenish  gray 
argillaceous  beds  are  exposed  in  the  road  only  a  few  feet  below  the  fossil- 
bearing  strata.  These  may  be  th^  top  of  tiic  Sevier,  which  wnnb!  make 
the  thickness  of  the  Bays  formation  much  less  and  bring  t!ie  fossil ifen)us 
horizon  near  the  base.  The  beds  arc  largely  shale,  but  carry  iMrasional 
heavy  beds  of  sandstone,  with  a  dip  averaging  .'(5°  to  the  southeast.  The 
fossiliferous  bed  is  about  10  feet  thick  and  fossils  are  abuntlanl.  Must 
of  them  are  either  externa!  or  internal  molds. 

Platyhtrophia  poxnenoSA  vab.  «r«vK.vNo.v/  var.  nov. 
Plate  12,  FlgureB  1.  2.  3 

The  most  abundant,  and  in  some  respects  the  most  striking,  species 
represented  is  a  large,  extremely  rotund  and  abort-hinged  form  of  Plaii/- 
gfrophia  lynx  {=ponderosa  Foerste),  The  larger  specimens  measure 
28  millimetre  in  height  and  33  millimeters  in  width,  with  a  hinge  area 
16  millimeters  long,  A  typical  sijecimen  of  P.  pondenmi  from  Cin- 
cinnati measures  29x37  millimeters,  with  a  hinge  line  28  millimetere 
long.  The  Walker  Mountain  specimens  aro  very  rotund,  the  sinus  ap- 
pearing first  as  a  gentle  depression  somewliat  less  abrupt  than  in  the 
Cincinnati  specimens.  Anteriorly,  however,  it  is  quite  as  marked,  and 
generally  carries  three  plications,  though  occnsinnally  a  fourth  appeai-s, 
A  striking  feature  of  nearly  all  adult  sheila  is  the  gi-eaf  thickness  on 
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either  eide  of  the  roetral  cavity  and  the  strongly  puetuloee  character  of 
the  shell  in  this  region.  This  is  seen  in  the  old  age  specimens  from 
Cincinnati,  but  appears  to  be  the  normal  thing  in  this  region.  As  a  re- 
sult, the  internal  molds  always  have  a  very  strong  projection  in  the  beak 
area.  The  brachial  valve  has  a  thick  but  short  median  septum,  to  which 
are  joined  the  converging  crural  plates.  A  small  but  distinct  cardinal 
pi-ocpsK  oirurs.  The  radial  plications  and  concentric  strije  are  essentially 
as  in  the  Cincinnati  specimens.  A  local  variety  might  be  made  of  this, 
and  the  name  stevf.nsom  is  proposed  in  recognition  of  the  fact  that  our 
first  knowledge  of  this  region  and  of  the  fossils  in  this  rock  are  due  tn 
Prof.  John  J,  Stevenson,  who  worked  out  much  of  the  structure  and 
stratigraphy  at  a  time  when  little  was  known  of  the  Appalachians  and 
accurate  maps  were  not  available.'*  Stevenson  reported  from  this  lo- 
cality Byssont/rhia  radiata  and  RhyncholTema  capax.  The  former  is  well 
rc[»rescnteil,  though  the  si»ecios  is  not  radiaia  in  the  restrictetl  sen«e. 
The  specimens  identified  as  RhynchoneUa  capax  are  more  doubtful, 
nirich  has  identified  them  as  Orthorhynrkula  linncyi.  but  a  comparison 
with  typical  specimens  of  the  latter  from  Kentucky  shows  that  this  identi- 
fication is  at  least  as  faulty  as  the  other.  The  specimens  have  the  char- 
acter of  a  young  Platystrophia  and  either  represent  the  young  of  P. 
gtevensoni  or  a  new  species. 

The  following  is  a  complete  list  of  the  species  identified  from  the 
collections  made  in  Walker  Mountain: 

BRMHIOPODA 

Plalijstropbia  hjnx  var.  xlevensom  var.  nov.,  abundant  and  of  varying 

sizes. 

PELECYPODA 

1.  Ri/ssonyrhia  wafkerenitis  sp.  nov.  The  common  species  of  Bysso-- 
nychia  in  the  Bays  sandstone  nf  Big  Walker  ^fountain  diffcre  from  F. 
radiaia.  to  which  it  has  generally  been  referred,  in  the  greater  height  of 
the  shell  and  the  correspondingly  shorter  hinge  lino.  Its  most  markocl 
chftrecteriBtic  is  the  sharp  anterior  flattening  or  impression,  the  limiting 
angles  of  which  are  generally  acut«.  The  frontal  portion  thus  outlined 
is  very  pronounced,  broad  and  marked  by  stronger  radii  than  those  on 
the  rest  of  the  shell.  The  normal  shell  radii  are  flattened  on  the  top 
and  separated  by  narrower  interspaces.  There  are  about  .36  of  the  radial 
plications.  The  height  of  a  small  specimen  is  33  millimeters,  the  antero- 
posterior length  14  millimeters,  the  thickness  17.5  millimeters.     Another 
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specimen  has  a  height  of  44  millimeters,  a  length  of  31  millimetere,  and 
a  thickness  of  16  millimeterB,  Thie  species  is  of  the  B.  richmondensis 
type,  but  differs  from  that  species  in  its  proportions,  as  well  as  in  the 
very  sharp  lateral  angles.  From  B.  pvacursa  Ulriuh  of  the  Upper  Mays- 
ville  of  the  Cincinnati  region  it  differs  in  its  proportion,  the  broader 
frontal  portion,  which  is  more  flattened,  and  the  sharper  lateral  angles. 
This  species  is  ahundant  in  the  Bays  sandstone  of  Big  Walker  Moun- 
tain and  has  also  been  obtained  from  the  Ijower  Bays  on  Clinch  Moun- 
tain. A  specimen  apparently  identical  with  the  Bays  sandstone  species 
has  been  obtained  from  the  Cincinnatian  of  Colby,  Clarke  County,  Ken- 
tucky. 

2.  B.  cf.  radiala  (Hall).  Several  fragments  showing  the  more  rounded 
front,  more  distinct  plications,  and  greater  width  of  the  species,  occur 
with  the  preceding. 

3,  Orthodesma  cf,  canaJicitlatum  Ulrich,  Several  si)ecimGns  showing 
form  and  strong  muHtmlar  ontliiie  of  fhin  Tppcr  CiricinTiati  shell. 

i.  Modiolopsis  cf.  modiolaris.  Internal  molds  apparently  of  this 
species. 

5.  Plennea  demissa  Conrad,  rare. 

6.  Ischyrodonta  ef.  decipiens  Ulrich.  A  specimen  agreeing  in  form, 
outline,  and  markings  with  this  Richmond  species, 

7.  Cymatonota  ?  sp,? 

8.  Whiteavesia  sp.  P 

Altogether  this  fauna  has  a  distinctly  Richmondian  aspect,  though  it 
has  also  some  late  Maysville  elements.  It  must  Iw  lM)rne  in  mind,  how- 
ever, that  precise  correlation  between  rocks  of  distinct  fades  purely  by 
fossil  content  is  a  hazardous  undertaking.  Different  species  occur  with 
different  fades,  and  the  range  of  species  in  a  sandstone  facies  may  differ 
decidedly  from  the  range  of  the  same  species  in  a  limestone  or  shale 
fades.  The  most  that  can  bo  said  in  the  present  case  is  that  the  fauna 
decidedly  supports  the  view  derived  from  other  facts,  namely,  fjiat  the 
age  of  the  Bays  is  late  Maysville  and  Richmond. 

The  East  River  Mountain  section. — This  was  examined  by  me  in  the 
Bluefield  region.  The  first  ledges  met  with  in  ascending  the  mountain 
on  the  Bethel  cross-road  from  the  north,  above  the  typical  Sevier  shale, 
is  a  heavy  bedded,  coarse  sandstone,  the  individual  masses  t  to  5  feet 
thick,  the  color  prevailingly  white,  though  reddish  in  part.  It  is  so  coarse 
for  the  most  part  that  it  is  better  described  as  a  fine  quartz-pebble  con- 
glomerate. The  pebbles  are  of  white  quartz,  well  rounded,  varying  in 
diameter  up  to  a  fourth  of  an  inch,  though  averaging  only  about  an 
eighth  of  an  inch  in  diameter.     Cross-bedding  is  well  marked  in  thia 
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rock,  with  the  inclination  of  the  beds  all  directed  the  same  way,  which  is 
toward  the  north.  The  rock  seems  to  be  especially  coarse  on  tlie  diagonal 
layers,  the  horizontal  ones  between  them  being  somewhat  finer.  The 
thickest  of  the  dia^nal  bedded  layers  measured  17  inches,  which  is  not 
mnch  above  the  average,  though  some  of  these  beds  are  only  1  or  2  inches 
thick.  Three  ledges  of  tliis  chararter  appear  in  a  space  of  11*1  feet,  dip- 
ping at  an  angle  of  nearly  45°  soiitheaat,  though  in  one  case  this  changes 
to  30°  southeast.  They  are  separated  by  covered  intervals,  probably 
underlain  by  shales.  These  sandstones  have  been  referred  to  the  Sevier. 
whicli  is  here  about  I,;tOO  feet  thick.  They  apparently  represent  the  ex- 
treme outer  portion  of  a  white  quartzose  fan  of  subaerial  origin,  similar 
in  character  and  development,  though  probably  not  in  extent,  to  the  Bale! 
Eagle  delta  fan  of  the  region  farther  north. 

Above  these  sandstones  the  outcrops  are  concealed  until  we  come  to 
within  about  100  feet  of  the  bottom  of  the  Clinch  sandstone,  which  forms 
the  crest  of  the  mountain.  The  lowest  beds  shown  are  heavy  bedded  red 
sandstones,  with  strong  crosa-bedding  of  the  torrential  type.  Then  fol- 
lows a  red  shale,  strikingly  resembling  the  Queenston  shale  of  the  \iagara 
Gorge,  and  above  this  are  more  sandy  beds  partly  red  and  partly  mottled. 
rontaining  small  pebbles  and  vertical  tubes  filled  with  fine  mnd  and 
pn)bahly  referable  to  ScoHlhiut  vertiralis  of  the  Medina.  Some  of  these 
beds  arc  croiis-bedded,  as  is  the  case  in  the  lower  sandy  layers,  the  dip  of 
this  cross-bedding  originally  pointing  northward.  Among  the  float  on 
this  surface  I  found  a  specimen  of  Artbrophifcus  hariani  in  a  piece  of 
reddish  sandstone  apparently  of  this  horizon,  though  it  may  have  come 
from  the  Clinch,  which  has  several  iron-stained  layers.  Whether  this  is 
the  case  or  not,  it,  nevertheless,  seems  quite  likely  that  the  upper  diag- 
onal bedded  sands  with  Scolithus  tul)es  are  of  Medina  age,  representing 
the  reworked  sands  derived  from  the  erosion  of  the  southeastward  exten- 
sion of  the  Bays  sandstone,  when  this  was  brought  into  the  erosion  zone 
by  the  Taconic  elevation.  This  would  put  a  pronounced  hiatus  between 
the  red  shales  and  the  sandstones,  the  former  being  late  Ordovicic,  the 
latter  early  Siluric. 

Wliether  these  red  beds  come  to  an  end  farther  to  the  northeast,  or 
whether  they  are  continuous  with  the  Juniata  of  western  Maryland,  has, 
I  believe,  not  been  ascertained.  In  Highland  County,  Virginia,  and  in 
the  (tountics  immediately  to  the  south  and  east  (Staunton  jjuadrangle) 
they  seem  to  be  rei)resented  by  the  lower  part  of  the  Massanuttcn  sand- 
stone. This  formation,  500  feet  or  less  in  thickness,  comprises  an  upper 
white  or  gray  quartzite,  which  represents  the  Clinch  of  tlie  south  or  the 
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Tuscarora  of  Pennsylvania,  and  a  lower,  softer,  thinner-bedded,  red  or 
brown  sandstone  and  quartzite  which  merg^  into  the  sandy  beds  of  the 
Martineburg  below.  How  much  of  these  red  beds  belongs  to  the  Ordo- 
vicic  and  how  much  to  the  Siluric  (Medina)  has  not  been  ascertained, 
The  fact  that  the  red  series  varies  considerably  in  thiekness  might  indi- 
cate that  most  of  it  is  Siluric  (Medina),  while  the  fact  ithat  the  beds 
grade  down  into  the  Martinsburg  would  indicate  that  the  lower  part  is 
Ordovicic,  with  a  hiatus  between  it  and  the  upper  portion.  A  few  im- 
pressions of  shells  have  been  recorded  from  dark  shaly  beds  about  200 
feet  above  the  Martinsburg,  but  no  determination  of  species  seems  to  have 
been  made.  We  have  thus  apparently  a  continuous  succession  of  Upper 
Ordovicic  strata  for  a  distance  of  351)  or  400  miles  from  southwest  to 
northeast.  From  the  fact  that  the  formation  disappears  abruptly  south 
of  its  thickest  development,  it  would  seem  that  it  may  have  extended  for 
at  least  100  miles  more  to  the  southwest.  The  linear  extent  of  the  nortli- 
west  and  southeast  outcrop  is  less  than  90  miles,  hut,  when  the  extensive 
folding  and  faulting  is  taken  into  consideration,  it  will  be  found  that  it 
was  originally  at  least  twice  that.  The  easternmost  outcrop  of  these  beds 
18  now  removed  about  50  miles  from  the  old  land  which  could  have  sup- 
plied the  material.  Doubling  this  on  acconnt  of  folding  and  thrusting — 
here  probably  occurring  at  least  twice— and  we  get  a  lotal  extent  of  at 
least  300  miles  northwest  and  southeast  for  the  former  extent  of  these 
beds.  The  probabilities  are  that  it  was  nenriy  ^^I0  miien.  Whether  this 
represented  one  delta  or  several  conlluent  ones  can  not  now  l>e  deter- 
mined. Considering  the  north  east -south  west  extent,  the  probabilities  are 
Ibat  these  beds  represent  several  confluent  members. 

The  thickness  of  the  present  beds  gives  lis  no  clue  to  the  thickness  of 
the  beds  at  their  maximum,  even  if  it  were  possible  fo  separate  the  Ordo- 
vicic from  the  Siluric  part,  for  extensive  erosion  has  affected  this  area  as 
it  affected  the  region  of  the  Juniata  fan.  The  eroded  material  here  as 
there  was  redeposited  as  continental  or  seashore  Medina  sand,  a  deposit 
probably  present  in  greater  or  less  thickness  in  most  of  the  sections  of 
(he  southern  Appalachians,  especially  the  western  ones.  A  part  of  the 
eroded  material  was  also  redeposited  as  the  Rockwood  sands,  which  is 
thickest  and  coarsest  where  the  Hays  has  been  entirely  removed  by  early 
Siluric  erosion. 

The  question  may  now  be  asked,  Was  there  any  deposit  corresponding 
to  the  Bald  Eagle  farther  north  ?  If  it  is  true,  as  I  believe  it  is  and  hope 
to  show  presently,  that  the  Tuscarora  quartzite  is  derived  from  the  ero- 
sion and  redeposition  of  the  eastern  extension  of  the  older  Bald  Eagle 
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beds  which  had  been  folded  and  elevated  at  tlie  end  of  Ordovicie  time,  it 
is  probably  true  that  the  Clinch  sandstone  bad  a  similar  source,  and  that 
hence  in  the  region  from  which  those  beds  have  now  been  removeil  by 
ertHion  there  existed  one  or  more  fans  of  white  quartzitc  beiieatli  the  reil 
beds.  The  fact  that  the  Upper  Sevier  shale  in  many  plat'OH  is  a  xandy 
bed,  and  the  further  fact  that  on  East  Kiver  Mountain  beds  of  white  con- 
fflomeratic  quartzite  underlie  the  Bays  sandstone,  lends  a  strong  clement 
of  probability  to  this  supposition.  Of  course,  we  have  no  means  of  know- 
ing whether  any  large  part  of  this  pre-Bays  or  Upper  Sevier  sandstone 
deposit  was  of  subaerial  origin  or  whether  it  was  merely  a  coarse  shore 
deposit  which  furnished  the  sands  for  the  Clinch  formation.  In  any 
case  the  purity  of  that  sandstone  suggests  that  it  is  a  secondary  deposit 
derived  from  an  older  sandstone  and  not  directly  from  the  crystallines. 

Summary  of  the  Bay.i  problem. — Summarizing  the  precetling  discus- 
sion, we  note  that  the  sections  indicate  a  continuous  prescn<«  of  red  sand- 
stones and  shales  in  the  Appalachian  Hdgcs  for  a  distance  of  over  .'tun 
miles  northeastward  and  south  west  ward.  Its  greatest  thickness,  1,.30') 
feet,  is  in  the  southernmost  portion  of  the  belt,  south  of  which  the  for- 
mation, as  well  as  the  overlying  and  underlying  one,  is  wholly  wanting. 
The  belt  of  red  rocks  extends  now  over  an  area  of  about  flO  miles  of 
folded  rocks,  which  would  give  perhaps  200  miles  of  area  when  the  folds 
are  straightened  out.*  The  formation  probably  extended  originally  to  the 
crystallines  on  the  southeast,  by  the  erosion  of  which  the  material  was 
derived.  This  adds  at  least  100  miles  to  the  original  northwest  and 
southeast  extent  of  this  deiwsit  and  probably  it  was  nearer  200  miles. 
The  red  formation,  known  throughout  as  the  Bays  sandstone  (except  in 
central  western  Virginia,  where  it  is  included  in  the  Massanuttcn  sand- 
stone), is  not  a  stratigraphic  unit.  Its  lower  part  is  probably  everywhere 
of  Upper  Ordovicie  age,  passing  into  the  underlying  sandstones  and 
shales  with  marine  fossils.  The  lower  part  of  the  red  beds  in  many 
places  also  contains  fossils,  these  generally  being  of  Upiwr  Ijorraitic  or 
post-Lorraine  types.  The  red  beds  probably  begin  earlier  in  the  south- 
eastern region  and  later  in  the  northwestern,  having  the  arrangement  of 
a  north  west  ernward -replacing  overlap.  The  highest  part  of  the  red 
series  is  of  early  Siluric  (Medina)  age  in  many  of  the  sections,  espccinlly 
those  in  the  westernmost  belts.  This  is  shown  not  only  by  the  coarsi?r 
character  of  the  beds,  but  also  by  the  few  fossils  found,  es|>ccially  I'^co- 
Hthus  rerlkaJu^  and  Arihropki/nm  harlatii.     The  interpretation  which 
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satisfies  apparently  all  the  characteristics  of  these  deposits  is  that  of  a 
huge  subaerial  delta  fan,  or  a  series  of  smaller  confluent  fane,  formed 
during  a  period  ot  relative  aridity  and  preceded  by  a  period  of  more 
pluvial  conditions,  during  which  white  or  gray  quartz  sands  and  pebbles 
were  spread  out  over  part  of  the  same  territory  occupied  by  the  red  beds, 
but  of  less  area!  extent.  The  red  beds  along  their  margin  dipped  into 
the  sea  and  the  deposits  inclosed  the  remains  of  the  marine  organisms 
then  living.  The  greater  part  of  the  delta  was,  however,  aubaertal  in 
character,  its  head  or  heads  being  the  old  land  of  Appalachia,  100  or 
more  miles  southeast  of  the  easternmost  outcrop  of  today.  After  the 
deposition  of  an  unknown  thickness  of  such  material,  probably  several 
thousand  feet  in  the  southeastern  area,  deposilion  was  interrupted  by  the 
folding  of  the  strata.  This  folding  was  the  southward  continuation  of 
the  folding  afl'ecting  the  red  .Juniata  and  underlying  beds  to  the  north, 
commonly  known  as  the  Taconic  folding.  This  occurred  toward  the  end 
of  or  after  Itichmond  time,  as  before  note<l.  After  the  folding  erosion 
was  renewed,  attacking  this  time  the  re'd  beds  first  and  spreading  the 
material,  resulting  from  this  erosion,  over  the  more  or  le.'^s  eroded  sui- 
faoes  of  the  westward  continuation  of  these  same  red  beds.  This  consti- 
tuted the  southern  equivalent  ot  the  Medina  formation.  The  uncovering 
of  an  underlying,  unoxidizcd  quartzite  by  erosion  of  the  folded  area  fur- 
nished the  material  for  the  later-formefl  pure  Clinch  sandstone.  The 
successive  (1)  red,  (2)  red,  and  (3)  white  beds  of  the  northern  and 
southern  Appalachians  had  thus  a  similar  history  and  are  of  the  same  age 
respectively. 

The  Medina  anil  the  Twrarora  and  Clinch  formalions  and  their  exten- 
xions  in  eastern  Unilcd  Stales. — The  Medina  beds  of  the  Great  Lakes 
region. — The  Siluric  of  eastern  North  America  begins  with  the  Medina 
formation  wherever  that  has  not  been  removed  by  later  erosion.  In 
Wisconsin  and  Iowa  the  base  of  the  aeries  is  calcareous  and  rests  on  an 
erosion  surface  of  the  Maqiioketa  (Richmond)  shales.  In  northeastern 
Wisconsin  a  local  deposit  of  iron  ore  separates  the  two  formations,  this 
iron  ore  consisting  of  flattened  pellets  of  uniform  size  and  most  probably 
representing  a  replaced  oolite.  Irregular  cross-hodding  in  the  deposit,  as 
well  as  the  arrangement  of  the  individual  grains,  the  absence  of  fossils, 
and  the  local  lenticular  character  of  the  deposit,  all  suggest  an  eolian 
origin,  the  ancient  calcareous  ooids  probably  forming  in  a  neighboring 
saline  lake  or  sea,  being  heaped  up  into  dunes,  to  be  subsequently  covered 
by  marine  deposits  and  later  replaced  by  iron,  probably  in  the  form  of 
carbonate,  which  was  then  o.\idiKed  to  the  sesquiosidc.     As  already  noted. 
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a  layer  of  flat  clay  pebblee,  covered  by  a  highly  polished  coatiDg  of  iroa 
oxide,  suggests  aridity  and  warmth,  with  the  production  of  a  desert  var- 
nish. That  all  of  these  deposits  were  forming  on  dry  land  is  shown  not 
only  by  their  tharacter,  but  also  by  their  contact  with  the  underlying 
rot-k.  The  sketches  (figures  (5  and  7,  page  4-U)  taken  from  my  note- 
books show  thia  contact  near  Iron  Ridgo,  Wisconsin.  The  basal  bed  of 
the  succeeding  dolomite  contains  limcstunc  pebbles  and  fragments  of 
Stromatoporoi  d  s. 

In  northwestern  Ontario  the  banal  Siiuric  beds  arc  marine  limestones 
and  dolomites  resting,  probably  with  a  disoonfomiity,  on  red  Queenstmi 
shales.  From  their  nearly  (.■ontinuous  exposure  along  the  lake  front  in 
the  township  of  Keppel,  from  Owen  Sound  to  Cape  Commodore,  the 
name  Keppel  dolomifei  will  Ik'  ajijilied  to  them.  At  ('a|K'  Commodore 
109  feet  of  Queenston  shales  rest  on  the  Hudson,  and  are  followed  by 
about  36  feet  of  thin-bedded  Keppel  dolomites.  Then  follow  about  15it 
feet  of  red  shales  and  some  sandstones.  These  red  beds  are  again  well 
exposed  at  Cabots  Head,  the  northeastern  point  of  the  great  peninsula 
separating  Lake  Huron  and  Georgian  Bay.  Here  they  are  103  feet  thick, 
and  consist  of  red,  marly  sandstones,  partially  striped  and  spotted  with 
green,  and  interstratified  with  beds  of  red  and  green  argillaceous  shale, 
none  of  them,  however,  exceeding  6  or  S  inches  in  thickness.  This  is  the 
Tobacco-pipe  rock  of  the  Indians,  and  it  is  succeeded  by  55  feet  of  green, 
calcareo-argillaceous  shales  and  thin-hedded  limestones,  above  which  fol- 
lows the  Pentamcrus  limestone,  considered  the  wosteni  extension  of  the 
Walcot  of  Niagara.  The  red  and  green  beds  will  be  named  the  ('abuU 
Head  beds,  and  they  are  believed  to  be  the  westward  extension  of  the  true 
]tfedina  sedimentation,  which  at  Niagara  is  about  125  feet  thick,"  The 
Keppel  dolomite  is  an  earlier  marine  deposit  before  the  sands  and  muds 
from  the  Appalachians  reached  this  point,  or  during  the  earlier  period  of 
the  erosion  of  the  folded  red  beds  of  the  Ordovicic.  Fragments  of  the 
Cabots  Head  beds  contain  Helopora  froffiltx  and  PJiwnopora  explanala 
Hall,  the  former  abundant  in  the  Upper  Medina  of  the  Niagara  section, 
and  occurring  also  with  the  Phienopora  in  the  Clinton  ore  bed  at  Flam- 
boro  Head.  Eastward  from  near  Colling«'ood  and  N"ottawassaga  the  red 
Medina  beds  are  separated  from  the  overlying  Clinton  by  the  gray  band, 
which  from  its  exposure  at  Thorold.  Ontario,  on  the  Welland  Canal,  will 
be  called  the  Thorold  qiiarfzife.  This  band  is  traceable  eastward,  mvur- 
ring  everywhere  at  the  top  of  the  Medina  from  this  point  to  Rochester 
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and  Oswego.  Beyond  this  point  it  is  represented  by  the  Oneida  con- 
glomerate, and  both  formations  are  to  be  regarded  as  tlie  overlapping 
upper  portions  of  the  Tuscarora  quartzite  of  Pennsylvania.  In  western 
Xew  York  and  Canada  the  Thorold  quartzite  is  seldom  over  10  or  li  feet 
in  thickness,  but  on  the  eztreiae  northwestern  point  of  its  occurrence,  in 
the  township  of  Nottawaasaga,  Ontario,  it  is  said  to  be  35  feet  thick. 
This  is  about  35U  miles  in  a  direct  line  from  tiie  outLTops  in  centra!  Penn- 
sylvania. Where  the  Keppel  dolomrtes  are  absent,  as  in  the  region  south- 
east of  Collingwood  generally,  the  line  of  division  between  tlie  Queenston 
and  Medina  beds  becomes  obscured.  At  Is'iagara  and  for  some  distance 
east  and  west  it  is  marked  by  the  Whirlpool  quartzite,  a  hard,  white 
quartz  sandstone  25  feet  thick,  wiiich  rests  abruptly  on  the  red  Queenston 
shales,  as  shown. on  the  river  above  Lewiston  or  Queenston,  This  rock 
shows  beach  cusps  and  other  characters  which  indicate  that  the  seashore  ' 
waa  near.  A.  W.  G.  Wilson  has  interpreted  this  lens  of  sandstone  as  the 
remnant  of  an  old  dune  area  reworked  by  the  advancing  sea,"  and  this 
interpretation  is  favored  by  the  character  of  tlie  grains  composing  this 
rock  as  well  as  by  its  distribution,  Some  of  the  bedding  surfaces  of  this 
quartzite  show  wave-marks  closely  resembling  those. of  modern  shallow 
beaches,  a  feature  repeated  in  a  number  of  higher  beds  farther  oast.  The 
Whirlpool  quartzite  is  not  known  at  fiochester,  where  the  contact  be- 
tween the  Queenston  and  the  Medina  is  again  obscured,  a  condition  wiiich 
practically  exists  throughout  the  rest  of  the  area  covered  by  these  rocks. 
The  Whirlpool  quartzite  is  thus  seen  to  be  a  local  formation  apparently 
unconnected  with  any  direct  eastern  source.  The  section  of  the  Medina 
along  the  Niagara  Gorge  is  as  follows,*'  the  Clinton  or  Sodua  shale  being 
included : 

Snper-fonnatlon.    Clinton  lower  limestone  (Wolcott  Umeetone) . 

K  Sodns  shale.  Olive  Kre^i  to  grarlRl).  Hotnetlmes  piiriillsti  icrny  slinle. 
witb  oocuslnnal  fossils  expeelully  Anoplothcra  hrmUpherira  nnd 
A.  pllcatula  and  luipresslonn  HugKefltliiK  I'tcrinea  einacerata.    ReviX- 

like  Impreaxlons  nlno  oi-cur (t 

(Abrupt  CDntiict.) 

7.  Tborold  qunrtzlte.  Hard,  massively  bedOed.  cuDipnrt,  iguartzoHe 
sandstone,  reneiiiblln);  tlie  Whirlpool  windatonp.  nnd  roiiiitionly  stiow- 
ing  Irr^ular  crosa-beddlng.  and  showing  In  one  place  a  couple  of 
bench  cimps  15  feet  apart  wltli  the  pentral  portion  depresiied  nearly 
2  feet  below  the  creatn.  Sumetinies  a  thin  bnaal  be<l  1h  sepnrated 
b;  R  few  Inchon  of  reddlKb  ahale  from  the  mnln  masa.  Further 
west  In  Ontario  this  rock  carrleB  Arthrophi/cus  harlaM 71^ 


"A.  W.  G.  Wllwn:  Traoiucl.  CaDadlan  Inatltute.  vol.  T,  pp.  130-1 
"  A.  W.  Orabau :  Bull.  45,  N,  Y.  State  Hawma,  pp.  SB-95. 
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(CoDta<1  f!;eiierHlly  abrupt;  wtniettmeA  a  few  Incbes  of  elinle  Inter- 

0.  Medina   red  BaiulKtoiiefl.     Mniwlve  Bandntone  lu  bedn  from  one  to 

several  feet  In  thlcknetis  and  var>'fnK  In  i^or  from  reddinb  to 
grayisb.  Irregular  croHS-beddint:  tceiierally  well  itliown,  togetber 
witb  local  cut  and  All  iihetioiMenti.  tbe  wedging  out  of  betlx.  etcetera. 
A  few  futwUs  are  found  in  ttie  lower,  niore  ri^ilar  bedH.  e)i[ieclally 
Liiipula  cuneata.  while  Arlhrophii<'UH  harlani  is  reKlrlcted  in  tbis 
section  to  the  under  side  of  IIiIh  lUvlfilon.  projet-tlng  downward 
into  underlyinK  Hbales 12tol5 

5.  Medina  vnrlegateil  Raodstones  and  ebaleit.  GompncL  solid,  reddish  or 
grtiy  sandnlone,  mottled  with  red.  In  Iveda  from  4  to  6  inches  thicli. 
aeiHirnted  by  itluily  piirttn;^  with  occaalonal  t)edB  of  red  shale  2  to  4 
feet  tbich.  About  20  feet  nbove  tbe  tuiKe  of  tblR  t^Tles  Im  a  concre- 
tionary layer  from  one  to  two  feet  thick,  which  apitears  «ot  unlike 
a  bed  of  large  rounded  iwwldera.  TiicKe  concretions  vary  In 
diameter  up  to  3  or  4  feet.  nn<l  they  lie  In  close  Juxtaposition,  not 
Infrequently  piled  one  uixm  unotlier.  Thinnlne  out  of  layers  In  all 
directions  Is  a  common  plienomenon,  iinil  ripple  umrks  tire  fre- 
quently met  wItb  on  the  sand  beds,  one  of  tbe  layers  10  feet  above 
the  base  showing  ripples  with  their  crests  1  to  1^  feet  apart 
Fossils  are  more  conmiou  in  these  layers,  the  foUowIng  having  been 
obtained :  Lingula  canraia,  Whitfielilella  oblata.  MotlUilopnis  ortho- 
nolo,  M.  prtmigriiia,  and  fragments  of  others S."!  to  40 

4.  Qray  and  greenish  gray  Sledlna  shales,  Intercalated  toward  the  top 
with  reildlsh  l)nn<1s  and  timilly  changing  to  red  altogether 0 

3.  Oray  Medina  sandstone.  Porous  and  cak-areous  nandstiine  and  sandy 
shales,  tome  of  the  former  masfllve  and  lu  beda  0  ov  7  inclies  Iblck 
ffeparated  by  shaiy  layers.  Fragiiieiita  of  foaalls  are  common  and 
often  appear  to  have  been  dissolved  out.  Many  of  the  thinner  beds 
have  ridgee  on  their  under  side,  the  fliling  of  grooves  or  trails  In 
mud  below.  Small  black  phosphate  lobbies  or  nodules,  often  ven" 
smooth,  are  not  uncommon  in  some  of  the  layers,  suggesting  small 
worn  frnRments  of  flah  bones,  Lai-ger  |iebl>ies  of  carbonaccouw 
shales  are  ahio  foimd  oci'aslonally.  Tlie  fossils  are  mostly  Gantro- 
pods  and  pelecyjiodsi,  but  some  thin  layers  are  covered  with  iioorly 
l)reserved  frogineiLts  of  what  ueems  to  be  tbe  Bryozoan  Hclopora 
fragilin.  Other  fossils  found  here  are:  OamaniUrchia  ap.,  r'nrfn- 
ulus  glricklanflt.  PUia<trthis  medin^enaiit.  Rhlpidmiiella  up.,  Pent- 
amera»  sp.,  Maiimlapais  firlhoiiotii,  M.  primiffvnia.  FU'rlaca  li. 
emacerota.  Pleurototnai-ia  parveUt»la,  P.  littorca,  Orlhoc<'ra»  sp., 
Ascldaspin  sp..  Dalmanlten  sp.,  etcetera 5 

2.  Gray  Medina  sliales.  Fissile  diiy  shales,  gray  In  color  and  generally 
free  from  snnd,  but  with  occasional  sandy  Uiter<-aiatlons.  and  even 
thin-bedded  white  quartzose  sandstones  near  the  center.  Fossils 
are  scarce,  Lingula  cuneata  being  the  most  common.  From  being 
coated  by  red  mud  these  shales  generally  appear  red  In  the  cliff. . .    2S 

1.  Whirlpool  quartzlte ■ ■ 35 

Total  Medina 120  to  130 
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Eastward  at  Lockport  and  Medina  certain  of  tlie  upper  beds  are  quite 
fosfiiliferouB,  sometimes  presenting  almost  the  character  of  an  organic 
rock.  Such  agglomerations  consist  of  the  shells  of  Pleurotomaria  parve- 
lugta,  Buccania  triloba,  Isochilina  cylindrica,  and  Pelecypods,  especially 
the  two  "Modiolopsis"  before  mentioned.  Lingula  cuneata  is  also  com- 
mon, especially  on  slabs  of  higher  sandstone,  where  single  valves  often 
show  the  arrangement  adopted  by  modern  bodies  on  a  flat  beach  under*' 
the  influence  of  the  run-off  of  the  waves.  Wave-marks  are  also  associated 
with  these  fossils,  the  ensemble  being  clearly  one  of  beach  phenomena. 
Still  farther  east,  at  Rochester,  the  series  becomes  almost  unfossiliferous. 
The  line  of  contact  between  the  Medina  and  Queenston  is  here  obscure 
and  marked  by  the  appearance  of  coarser  sediments.  Some  of  the  upper 
beds  are  even  pebbly  and  most  of  the  series  is  sandy.  Several  heavy 
sandstone  beds  occur,  and  these  usually  show  marked  cross-bedding  com-  » 
monly  of  the  eolian  type,  but  some  torrential  bedding  also  occurs.  These 
latter  beds  near  the  top  also  show  ripple -marks.  Fossils  occur  just  below 
the  Tliorold  quartzite  and  are  chiefly  Arthropkycus  harlani,  Dtedalos, 
and  other  structures  of  this  type.  Sarle""  has  interpreted  these  as  the 
work  of  burrowing  worms,  an  interpretation  which  may  hold  for  the 
Deedalus,  but  scarcely  for  the  Arthrophycus,  The  latter  always  projects 
downward  from  the  under  side  of  sandstone  into  the  mud  layers  beneath, 
and  thus  represents  the  natural  mold  of  a  series  ot  grooves,  with  charac- 
ters the  reverse  of  those  shown  in  the  specimens  preserved,  while  gener- 
ally filled  in  by  sand.  Cases  have  been  reported  from  Oswego  County 
near  Fulton  where  small  pebbles  are  mixed  with  the  sand."  Such  ar- 
rangement could  only  indicate  grooves  filled  by  material  spread  over  the 
surface  in  which  they  were  formed.  Such  grooves  are  difficult  to  explain 
except  as  a  series  of  tracks.  These  tracks  would  have  a  pronounced 
median  ridge  and  a  series  of  sharp  transverse  ridges  on  either  side  of 
this,  separated  by  concavities.  There,  is  no  organism  known  in  these 
rocks  capable  of  making  such  a  track.  A  split  caudal  fin,  used  regularly 
for  propulsion,  might  perhaps  account  for  this,  as  shown  by  Wood- 
worth,"  for  the  very  similar,  but  larger  trails,  known  as  Climatichnites, 
from  the  Potsdam  sandstone  of  northeastern  New  York.  If  such  a  crea- 
ture was  an  inhabitant  of  the  sea,  it  is  exceedingly  strange  that  no  re- 
mains have  been  found  of  it.  If  it  was  a  land  animal  frequenting  the 
shores  or  the  sand  flats  adjoining,  we  can  more  readily  understand  its 
absence  from  these  rocks,  though  we  would  at  least  suppose  that  an 

■  Rochntrr  Arad.  Bel.,  1908,  vol.  It.  p.  203, 
"  vaDiiiem :  Report  of  Third  Dlitrlct,  p.  73. 
"Naw  Xork  State  Muaeum  Beport,  BuU.  69,  180S,  p.  mO. 
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occasional  individual  would  become  embedded  in  the  strata.  Among 
Eurypteride  only  the  Pterygotua-like  Erettopterus  has  a  bilobed  tetson. 
A  email  speciee  of  this  genus  moving  on  the  sandy  river  bottoms  or  the 
beach  might  perhaps  have  produced  such  a  structure,  if  it  used  its  telsoo 
for  regular  propulsion.  Again,  the  organism  may  be  referable  to  myrio- 
podus  types  or  to  Insecta.  Whatever  the  type  which  caused  these  trails, 
there  can  be  no  question  of  its  wide  distribution,  for  it  is  found  along  the 
whole  Appalachian  front.  Nor  can  its  preference  for  the  higher  shore 
zone,  if  not  for  river  bottomB,  be  doubted,  since  these  markings  are  never 
found  in  immediate  association  with  marine  fossils  and  are  commonly 
preserved  by  a  cevering  of  sand,  which  shows  cross-bedding  of  the  eolian 
type  and  which  probably  represents  accumulations  of  blown  sand. 

Mud  cracks  are  common  features  in  the  red  shales  of  the  Medina  east 
of  Bochester,  and  indeed  the  beds  here  have  much  more  the  aspect  of 
having  accumulated  for  the  most  part  above  water.  They  appear  to  rep- 
resent the  dry  land  continuation  of  the  beds  forming  the  shore  and  lit- 
toral deposits  west  of  Rochester.  The  Thorold  sandstone  terminates  the 
Medina  series,  but  has  a  thickness  of  only  5  feet  in  this  section.  A 
peculiar  structure,  described  by  Conrad  as  Dictyolites  beckii,  covers  a 
large  portion  of  the  Thorold  quartzite  in  tills  section.  This  has  the 
aspect  of  being  some  form  of  fimbriated  mud  crack,  though  it  may  have 
a  wholly  different  significance  not  yet  ascertained.  The  Medina  sand- 
stone has  not  been  recognized  east  of  Oneida  County,  New  York,  its  last 
representation  being  in  Cherry  Valley.  The  underlying  Queenston  does 
not  extend  so  far,  being  unknown  in  the  northern  section  east  of  Rome, 
New  York.  The  Thorold  quartzite,  however,  extends  farther  east,  be- 
coming the  Oneida  conglomerate,  which  in  the  vicinity  of  Utica  rest«  on 
the  eroded  surface  of  the  Frankfort  shale.  ■ 

The  red  Medina  beds  are  well  exposed  at  Fulton  on  the  Oswego  River, 
where  they  are  capped  by  hard,  red  sandstones  carrying  Arthrophycus 
luirlani.  The  succeeding  Oneida  conglomerate  is  here  buried  by  the  drift, 
Eolian  cross-bedding  is  cammon  in  these  rocks,  and  the  total  thickness  of 
the  series  here  ia  less  than  100  feet.  The  contact  with  the  Queenston  is 
not  exposed  and  probably  would  not  be  recognizable.  The  base  of  the 
section  is  formed  by  the  Oswego  sandstone,  which  causes  a  second  fall 
within  the  city  of  that  name. 

In  Oneida  County  the  Oneida  conglomerste  alone  occurs.  South  of 
TJtica  this  is  about  40  feet  thick  and  a  pure  quartz  pebble  rock,  with 
quartz  sand  as  a  matrix.  The  pebbles  arc  well  worn  and  indicate  a  sec- 
ondary origin — that  is,  derivation  from  an  older  conglomerate — not  only. 
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by  this  fact,  but  also  on  account  of  the  ?""- 

purity  of  the  rock  as  a  whole.    It  is  well  =05 

cross-bedded,   the   bedding   being  of   the  °  §  & 

torrential,  rarely  the  irregular  type,  and  "  %"■- 

it  rest*!  oil  an  eroded  surfai-e  of  the  Frank-  s  "^  g" 

fort  shale,  with  indications  of  old  erosion  ?  »2 

channels.    On  the  south  branch  of  Moyer  S." 

Creek,  ;t   miles  southwest  of   Frankfort,  |  g 

Herkimer  County,  the  basal  conglomerate  f  o    ; 
likewise  rests  on  eroded  Frankfort  shale. 
The  entire  series  here  is  something  over 

100  feet  thick  (Hartnagel  estimates  it  at  ^  |   f 

110  feet),"  and  the  upper  beds  show  re-  &§    * 

mnrkably  fine  diagonal  bedding  (torren-  y"    ? 

tial  (TosB-beflding),  the  oblique  layers  be-  !■'„    a 

iiig  very  long  and  followed  by  heavy  hori-  «  fi   | 

zotital  lieds.    It  is  interesting  to  note  that  Sg    ^ 

not  only  the  coarseness,  but  also  the  thick-  S  B    ^ 

ness  of  these  terminal  Ijower  Siliiric  {Ni-  §■-     * 

agaran)  elastics  increases  eastward.    East  SjF   0 

of  Herkimer  County,  however,  the  Oneida  _*   » 

is  generally  absent,  and  the  same  is  true  2*  - 

of  the  region  north  of  the  Mohawk,  TIppiT  .^  *   * 

Silurie  (Monroan)  strata  resting  directly  I  ff  | 

on  the  Ordovicics  in  the  northern  Hclder-  2  3    = 

bergs.  w  w   o 

The  TuBcarora. — Southward  along  the  ?g    = 

Appalachian  front  we  do  not  meet  with  ffio    | 

thpse  strata  again  until  we,  come  to  the  3  3  ^ 
Susquehanna  Gap  through  Blue  Moun- 
tain, Here  the  contact  with  the  Hudson 
Ik'<18  is  not  shown,  but  from  the  general' 
relationship  of  the  dip  there  may  well  be 
an  unconformity  here.  The  following 
section  {figure  10),  transcribed  from  my 
note-book,  shows  the  relation  of  the  strata. 
The  Hudson  beds  of  argillaceous  sand- 
stones and  shales  dip  gently  to  the  west, 
while  the  Silurie  beds  are  overturned  to 

X  nail.  107.  S.  y.  Blate  Muticum.  p.  SO.  pis.  I  aod  ii. 
XXXII— BcLL.  Obol.  BoC.  Ail.,  Vol.  S4.  J912 
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about  75  or  70°,  thus  making  the  contact,  if  the  dip  does  not  change,  a 
lei'tangular  one.  After  the  covered  interval  about  10  feet  of  red  sauJ- 
stones  appear,  somewliat  eoiiglome ratio.  Then  follows  a  coarse  conglom- 
erate or  pmiding  .stone,  5  feet  thicli  and  composed  of  a  great  variety  ot 
)>ebbles.  Again  n  shale  l<e<l  occurs  an<l  then  a  conglomerate,  with  ri'i! 
shale  pehbletj.  Above  this  comes  a  thickness  of  about  120  feet  ot  wbiU' 
qnartzite,  some  of  the  beds  being  marked  by  Arlhrofihyrus  karlatii  auA 
others  by  trails,  mud  flows,  and  so  forth.  Pebbles  are  not  uncommon  in 
Bomc  of  the  beds  anil  clay  galls  abound  in  others,  while  toward  the  top 
oceur  again  «ome  re<l  beds.  Conglomerate  beds  are  found  at  frequent 
intervals.  The  whole  is  succeeded  by  the  Clinton,  which  here  also  con- 
tains mncb  red  material,  and  this  is  followed  by  the  Salina  red  sbaW. 
These  conditions  can  be  traced  northeastwar<l  to  Swatara  Gap. 

Throu^iout  Pennsylvania  the  Tuscarora  has  in  general  the  same  dis- 
tribution as  the  underlying  red  beds.  These  red  beds,  as  repeatedlv 
noted,  are  not  throughout  of  the  same  age,  but  in  many  sections  a  hiatus 
and  disconformity  occur  some  distance  below  the  top,  the  beds  above  this 
hiatus  being  of  Siluric  or  Medina  age  and  those  below  of  Ordovicie  or 
Queenston  age.  The  disconformity  is  not  recognizable  in  the  aectiouB, 
but  careful  search  might  reveal  the  evidence  for  it.  The  deposition  of 
the  reworked  material,  derived  from  the  eastern  extension  of  the  older 
beds  directly  on  the  western  part  of  these  same  beds,  would  give  very 
little  indication  of  a  break,  espeeially  as  the  top  beds  of  the  older  series 
were  probably  reworked  to  some  extent  before  the  later  beds  were  <ie- 
posited.  Furthermore,  the  existence  of  such  a  hiatus  would  be  obscureti 
by  the  presence  of  numerous  smaller  breaks  in  the  series,  such  as  are 
characteristic  of  river-laid  deposits.  It  may  be  that  the  new  series  begin? 
in  most  cases  with  coarser  beds,  since  the  material  is  derived  from  tlie 
coarser  eastward  extensions.  But  even  this  criterion  may  fail  in  some 
eases.  Of  course,  if  characteristic  Siluric  fossils  were  present  in  the 
upper  beds,  the  Silnric  age  of  the  beds  could  then  be  proven,  just  as  late 
Ordovicie  fossils  in  the  lower  liods  prove  their  Ordovicie  age.  Here  the 
Arthrophtfciis  harlani  may  be  used,  since  so  far  as  known  this  does  not 
occur  below  the  Siluric.  The  ScoHtkiis  verticalis  is  also  serviceable  ti> 
some  extent,  though  of  much  less  importance. 

The  thickness  of  the  Medina  portion  of  the  Juniata  is  consequently 
not  known,  but  I  doubt  if  it  is  much  over  100  feet  in  most  of  the  section, 
and  in  some  it  is  probably  much  less,  though  an  occasional  greater  ma.-s 
may  easily  be  found.  On  the  whole  these  deposits  are  restricted  to  the 
more  westerly  outcrops,  the  Tuscarora  resting  more  often  on  the  Juniata 
in  the  eaet. 
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The  Tusearora  in  most  of  the  sections  is  characterized  by  Arlkrophy- 
ciis  kariani.  In  Pennsylvania  its  lower  part  may  rantain  very  coarse 
quartz  and  other  pebbles,  forming  in  rare  cases  an  "egg  conglomerate," 
Croas-hedding  is  commonly  of  the  torrential  type,  though  excellent  ex- 
amples of  eolian  bedding  are  also  seen.  The  thickness  varies  greatly,  but 
on  the  whole  it  is  thicker  in  the  central  part  of  the  State  and  thins  out 
in  all  directions  north,  west,  and  south.  Thus  along  Bald  Eagle  Moun- 
tain it  has  a  thickness  of  1,068  feet  at  Tyrone  Gap,  though  of  this  fully 
one-half  may  belong  to  the  Medina,  It  decreases  to  400  feet  in  Wills 
Mountain  at  Milligans  Gap  and  to  287  feet  at  the  Maryland  line.  Hero 
it  is  continuous,  with  the  red  Medina  underlying,  which  also  shows  good 
torrential  cross-bedding.  It  is  a  snow  white  to  light  gray  quartzite,  fre- 
quently cross-bedded,  the  quartz  grains  being  of  medium  size.  Yellowish 
green,  hard  clay  pebbles  occur  in  it  and  Arikropliyciis  harlani  is  largely 
restricted  to  the  upper  beds.  In  the  lower  beds,  in  the  center  of  the  Wells 
Creek  section,  I  have  observed  eolian  cross-bedding  and  the  grains  are 
fine,  uniform,  and  well  rounded,  suggesting  an  eolian  origin.  Northward 
along  Bald  Eagle  Mountain  the  thickness  is  also  variable.  Thus  at 
Bellefonte  Gap,  in  Center  County,  it  is  400  or  500  feet  thick;  in  Mill 
Hall  Gap,  695  feet.  In  the  Lycoming  County  gaps  it  is  only  100  feet. 
Farther  eastward  the  thickness  also  varies.  Thus  in  Logans  Gap  through 
Jacks  Mountain  it  is  830  feet  and  is  composed  of  hard,  massive  layers 
from  2  to  4  feet  in  thickness.  Some  argillaceous  material  occurs,  but  the 
sand  is  exceedingly  pure.  Secondary  enlargement  of  grains  has  made 
them  angular  and  sharp  where  they  separate  out.  Twenty-five  miles  west 
of  this  point,  at  the  Juniata  Gap  of  Jacks  Narrows,  the  Tusearora  is  450 
feet  thick,  and  10  miles  farther  south,  at  Orbisonia,  it  is  400  feet  and  con- 
tains some  red  layers.  In  the  northeastern  counties  of  Pennsylvania  and 
Maryland  its  thickness  varies  between  200  and  300  feet,  rarely  becoming 
more.  In  the  Me  rcersburg-Ch  ambers  burg  quadrangle,  Stose  records  an 
average  of  270  feet,  which  in  the  Maryland  and  Virginia  regions  (Paw- 
paw-Hancock folio)  is  similar  or  decreases  to  200  feet.  A  remarkable 
feature  of  the  sandstone  in  the  southern  region  is  its  whiteness  and 
purity,  though  occasional  shale  bands  occur.  These  should  contain 
Eurypterid  fragments.  Artlirophyciis  harlani  is  the  only  fossil  so  far 
found. 

The  Clinch  sandstone. — The  Clinch  sandstone  is  in  all  respects  the 
equivalent  of  the  Tusearora  of  Pennsylvania.  It  rests  on  the  red  beds 
(Bays),  which,  like  their  northern  representatives,  the  Juniata,  generally 
represent  a  double  formation,  an  older  of  late  Ordovicic  age,  the  equiva- 
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lent  of  the  Queenston,  and  a  younger  of  Siluric  age,  the  equivalent  of 
the  New  York  Upper  Medina.  The  hiatus  between  the  two  is  just  a^ 
iiiucli  ohscured  as  in  the  northern  sections,  and  there  is  not  much  hope 
of  even  finding  the  line  of  contact  between  the  two.  How  much  of  the 
red  is  Siluric  and  how  much  Ordovicic  can  probably  never  be  ascertaiuetj. 
hut  that  both  are  represented  is  shown  hy  the  Upper  Ordovicic  fossils  in 
the  ba«al  part  and  the  early  Siluric  fossils  in  the  upper.  The  latter, 
however,  are  the  least  satisfactory. 

The  distribution  of  the  Clinch  is  in  general  coextensive  with  thai  of 
the  Bays,  though  the  latter  occurs  where  the  former  has  been  largely  or 
wholly  removed  by  subsequent  erosion,  which,  however,  occurred  in  Si- 
luric time.  In  tliickness  the  formation  ranges  from  uotliing  to  SOO  feet, 
the  maximum  occurring  near  the  center  of  the  area,  though  disappearing 
more  abruptly  southward.  The  present  thickness  is  no  criterion  by  which 
to  gage  the  original  thickness,  which  was  probably  much  greater,  A 
great  part  in  the  aoutliern  area  seems  to  have  been  used  up  in  the  making 
of  the  Rockwood  sandstones.  These  latter  were  deposited  along  the  bor- 
der of  a  transgressing  sea,  so  that  the  beds  come  to  lie  on  eroded  members 
of  various  older  formations. 

The  northward  and  westward  extension  of  the  Clinch  beds  dips  under 
the  younger  strata  of  the  Allegheny  plateau  and  does  not  reappear  again. 
In  the  Nashville  and  Cincinnati  domes  these  beds  seeui  to  be  unrepre- 
sented, but  it  must  be  remembered  that  extensive  erosion  occurred  in 
these  regions  during  middle  and  perhaps  later  Siluric  time. 

SUMUART  OF  THE  EARLY  SILVRW  DBPOaiTS 

If  we  now  attempt  to  summarize  these  early  Siluric  deposits  and  trace 
the  history  of  their  formations,  we  are  met  at  the  outset  by  the  fact  that 
the  order  of  deposition  is  the  reverse  from  that  which  we  found  in  the 
late  Ordovicic.  There  we  had  white  conglomerates  and  sandstones  de- 
posited first,  followed  by  highly  oxidized  sands  and  muds  which  now  are 
dehydrated  and  red.  Here  we  have  coarser  red  sediments  first,  followeil 
by  pure  white  sandstones  or  conglomerates.  Siluric  fossils,  especially 
Artbrophycvs  Jtarlani,  seem  to  characterize  both  red  and  white  beds. 

A  further  fact  to  be  considered  is  that  these  beds  as  well  as  the  under- 
lying ones  are  wholly  absent  between  the  Appalachian  ridges  and  the 
crystalline  old  land,  from  which  they  must  originally  have  been  deriv«1. 
Furthermore,  while  the  beds  of  the  two  series  are  as  a  rule  concordant, 
being  separated  only  by  an  hiatus  and  disconformity,  there  is  indication 
at  the  Susquehanna  Gap — though  not  proof — that  the  Tnecarora  and 
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Medina  are  both  unconformable  to  the  underlying  Hudson  beds.  Since 
we  know  that  the  older  strata  in  the  east  were  folded  at  the  end  of  Ordo- 
vicic  time,  we  seem  to  have  here  indicatioD  that  this  folding  was  also  in 
pre-Medina  time. 

If  we  conceive  of  a  aeries  of  strong  folds  formed  along  the  eastern  area 
of  the  Appalachian  region  at  the  end  of  Ordovicic  time,  the  sHrface  rock 
of  such  folds  would  be  the  red  Junlata-Bays,  while  beneath  would  be  the 
whit«  or  gray  Bald  Eagle,  also  involved  in  the  folds,  but  at  first  out  of 
eight.  Erosion,  which  would  set  in  at  once,  would  thus  attack  the  "red"  '- 
Focks  first  and  so  furnish  oxidized  sands  and  muds  which  are  spread  by 
the  rivers  over  the  surfaces  west  of  the  folds,  an  area  wliich  had  not  been 
included  in  the  folding.  Thus  red  sands  and  muds  of  Siluric  age  derived 
from  the  folded,  red  Ordovicic  rocks  would  come  to  rest  on  the  undis- 
turbed western  ends  of  the  red  Ordovicic  rocks.  If  the  sea  en<Toached 
here,  these  later  deposits  would  have  a  marine  aspect,  but  the  fact  that 
fossils  are  absent  in  most  cases,  ex(«pt  for  the  peculiar  Arthrophijcux 
harlani  and  the  "worm"  tubes,  would  indicate  that  these  beds  were  de- 
posited above  the  sea,  along  river  floodplaliis.  Westward,  however,  the 
northern  series  of  deposits  (the  Upper  Juniata)  were  washed  into  the 
sea,  the  shore  of  which  during  Medina  time  did  not  probably  extend  much 
farther  east  than  Rochester.  In  western  Ontario  encroachment  of  the 
sea  began  earlier,  for  here  we  have  the  marine  Keppel  dolomite  resting 
on  a  surface  of  Queenston.  These  dolomites  were  i)robably  formed  while 
erosion  was  beginning  in  the  east  and  while  the  early  Medina  .sands  were 
spread  by  the  streams  over  the  old  Onlovicic  land  surface.  Then  as  the 
product  of  this  erosion  was  carried  farther  westward  by  repeated  rework- 
ing, it  finally  entered  the  sea,  which  had  then  advanced  farther  cast. 
Thus  the  fossitiferous  Medina  beds  of  western  Xew  York  and  the  red  arid 
green  Cabots  Head  sands  which  rest  on  the  Keppel  dolomite  were  de- 
posited. 

As  the  axes  of  the  anticlines  in  the  east  were  worn  away,  the  underly- 
ing Batd  Eagle  conglomerate  was  discovered  and  white  quartz  sands  and 
pebbles  were  now  furnished  to  the  streams.  It  should  probably  be  con- 
sidered that  the  lithification  of  these  beds  had  not  progressed  very  far, 
and  that  hence  the  streams  did  not  find  it  too  difficult  to  obtain  the  ma- 
terial. The  reworking  by  streams  and  winds  of  these  older  white  quart^- 
ites  produced  the  material  of  the  Clinch  and  Tuscarora.  Where  streams 
were  active,  coarse  material  was  carried  along  and  deposited  as  quartz 

under  thia  t^rm  nildliM)  rocks  sre  m^aat.    Tbpy  need 
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pebble  oonglomerftte  which,  bcfaiise  of  its  origin  from  an  older  oongbm- 
erate  and  the  thorough  atisortltig  of  the  material,  became  very  purt>. 
Such  ie  the  Oiieida  conglomerate  of  Herkimer  and  Oneida  counties,  New 
York,  wliich  rest  disconformably  on  the  erod«d  surface  of  the  Frankfort 
The  westeni  extension  of  the  white  beds  on  the  red  Medina  are  sceii  in 
the  Thorold  quartxite  of  Ro<'heHter,  Niagara,  and  the  west,  which  has 
been  traced  to  Oollingwood,  on  Georgian  Bay,  a  distance  of  3<K|  inile:i 
from  the  dc^wtiitH  in  Pennsylvania. 

With  the  beginning  of  Medina  transgression  ensued  again  a  period  nf 
prolonged  marine  conditions,  the  sea  extending  farther  and  farther,  to 
bo  followed  by  a  period  of  extensive  retreat  and  laying  bare  of  the  conti- 
nent in  Salina  time. 

THE  HIAOARAW  UARIKE  INTERVAL 

The  transgrension  of  the  Niagaran  Sea  across  the  North  American 
continent  apjiearK  to  have  been  of  a  rather  complex  type.  It  seems  cer- 
tain that  there  were  at  least  two  opposite  movements,  one  from  the  north, 
the  other  from  the  south.  It  appears  that  while  Medina-Tuscarora  seili- 
ments  were  still  spread  by  the  rivers  from  the  Appalachian  highlands,  the 
sea  encroaehed  from  the  region  of  the  present  Arctic  Ocean  and  enterwl 
the  country  by  way  of  the  upper  (Ireat  Lake  region.  The  Keppel  dolo- 
mites seem  to.  have  been  the  earliest  deposits  here,  though  farther  north 
etill  earlier  ones  may  appear.  From  the  south  a  transgressing  sea  entered 
the  Mississippi  Valley,  with  the  result  that  the  Alexandrian  formntioii 
was  dejiosited  there.  This  formation  contains  a  commingled  Onlovicir 
fauna,  such  as  characterised  the  transition  beds  in  the  Atlantic  Ocean,  ns 
shown  by  the  Anticosti  section.  When  a  junction  was  effected  between 
the  northern  and  southern  encroaching  seas,  a  certain  commingling  of 
the  faunas  took  place.  On  the  whole,  however,  the  faunas  remained  more 
or  less  distinct,  as  shown  by  a  comparison  of  fossils  from  the  Wisconsin 
and  Kentucky-Tennessee  region.  Ulrich  misinterprets  this  difference  of 
faunas  as  due  to  variation  in  horizon.  This  leaves  out  of  consideralioa 
the  common  facts  of  modern  fannal  distribution.*  The  hiatus  which 
L'lrich  places  between  the  Rochester  and  Lockjwrt,  in  order  to.make  room 
for  some  southern  formations,  is  absolutely  non-existent.  I  liave  for 
years  studied  these  formations  in  the  Xiagara  fiorge,  and  I  am  absolutcK 
convinced  that  no  such  hiatus  exists.  The  Rochester  shale  by  becominj; 
more  calcareous  passes  without  a  break  upward  into  the  Lockport  dolo- 
mite.   To  be  sure,  there  is  a  peculiar  type  of  deformation  in  the  ba.'yil 

*  For  ■  Bitmmar)'  □(  tbeHP.  Rre  l*rlDclplfK  of  Stratlerapbf .  cbaplvra  iivl  to  iili. 
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beda  of  the  Lockport  or  the  top  of  the  Rochester,  a  creeping  and  inter- 
stitial rearraDgement  of  the  fine  calcilutytes,  with  accompanying  defor- 
mation which  looks  like  a  complicated  eeries  of  foldings.  This  is  a 
structure  long  familiar  to  German  geologists  under  the  name  "Gekrose," 
for  which  I  have  substituted  the  term  enlerolUhic  Btnicture,'*  It  is  a 
phenomenon  accompanying  the  diagenetii^  alteration  of  certain  fine  cal- 
careous rocks  and  is  in  no  case  of  tectonic  origin.  A  similar  structure  is 
seen  in  the  otherwise  horizontally  bedded  salt  deposits  of  the  Xew  York 
Salina  and  in  numerous  deposits  iu  various  parte  of  the  worhl.  Its  oc- 
currence might  easily  lead  one  not  familiar  with  ?uch  things  to  think  of 
a  tectonic  deformation  of  the  beds,  and  in  some  eases  in  the  Niagara 
Gorge  it  auggests  superficially  an  unconformity  and  hiatus.  Such  does 
not,  however,  exist,  and  the  differences  in  faunal  character  found  in  the 
Niagaran  beds  of  the  different  parts  of  the  country  must  be  accounted 
for  by  the  variation  of  the  factors  influencing  the  distribution  of  organ- 
isma.  Nor  does  such  difference  of  faunal  character  in  closely  adjoining 
districts  necessarily  imply  actual  land  barriers,  for  we  have  abundant 
evidence  today  of  different  faunas  in  closely  adjoining  districts  of  the 
same  ocean.  One  might  cite  the  fauna  of  Oasco  Bay  and  of  Massachu- 
setts Bay  and  again  compare  the  latter  with  the  faunas  of  Tineyard 
Sound.  This  disregard  of  other  than  continental  barriers  deprives  Scliu- 
chert's  work  in  paleogeography  of  much  of  its  value,  for  his  sueces-^ive 
paleogeographic  maps  are  chiefly  based  on  the  print-iiile  of  land  barriers 
for  faunal  separation. 

It  is  highly  improbable  that  during  deposition  of  the  marine  Niagaran 
any  direct  connection  existed  with  the  Atlantic  in  the  Appalachian  re- 
gion. Not  only  was  the  Appalachian  old  land  the  source  of  the  clastic 
sediments,  but  the  materials  here  are  ooarse  and  in  many  cases  merge 
into  continental  sediments.  Indeed  in  most  cases  along  the  Appalachians 
the  Niagaran  beds  (Roekwood)  are  largely  the  eroded  and  reworked  con- 
tinental elastics  of  early  Siluric  and  late  Ordovicie  time  which  preceded 
them.  Schuchert's  maps,  which  show  connections  with  the  Atlantic  in 
the  New  York  City  region  during  Clinton  and  Rochester  time,  are  most 
certainly  at  fault.  These  maps  may  bo  further  criticized  In  that  they 
show  Niagaran  formation  distributed  over  too  limited  an  area.  Tliey 
leave  out  of  consideration  the  fact  that  an  enormous  amount  of  erosion 
has  occurred  during  Salina  time  and  also  during  Monroe  time,  the  evi- 
dence for  which  will  be  given  presently.     It  is  difficult  to  understand 
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how  Schuchert  hae  his  extensive  calcareous  deposits  accumulating  in 
little  shallow  basins  surrounded  by  land,  each  basin  being  in  many  cases 
not  much  larger  than  one  of  our  present  Great  Lakes.  He  must  conceive 
of  North  America  as  persisting  in  a  chronic  state  of  pen  epl  a  nation,  so 
that  only  fine  terrigenous  sediments  or  none  at  all  enulO  be  oiipplict). 
Apparently  little  or  no  allowance  is  made  for  the  subsequent  removal  of 
the  formations  by  erosion. 

Personally  I  am  of  the  opinion  tliat  a  large  part  of  the  calcareous 
Xiagaran  strata  extended  over  the  interior  and  western  portion  of  tlic 
North  American  continent,  and  that  extensive  erosion  during  Middle 
Sllnric  (Salinan)  time  has  removed  a  large  part  and  subsequent  erosion 
a  still  larger  part  of  these  deposits.  I  believe  that  we  will  be  forced  to 
come  back  to  sounder  stratigraphic  principles  than  those  now  followed 
by  some  American  strati  graph  ers,  and  not  regard  everj-  little  deposit 
faunally  distinct  from  others  as  a  separate  invasion  of  the  continent  by 
the  sea. 

THE  MID-aiLURIC  DELTA    FAXH  OF  SOUTH  AUEKICA 

General  di^cvssion. — The  Niagaran  or  Lower  Silurie  period  of  marine 
deposition  came  to  an  end  with  the  deposition  of  the  Ouelph-TxK'kport 
dolomites  of  New  York  and  Canada.  Ulrieh,  to  be  sure,  places  the  I/)uis- 
ville  coral  limestones  above  the  Ouelph,  but  as  this  is  evidently  merely  a 
personal  opinion  of  his,  unsupported  by  evidence  adduced,  we  may  disre- 
gard it.  The  Ijouisville  is  certainly  the  reef  fades  of  the  later  Niagaran 
deposits  of  the  north,  formed  while  the  Ijockport  dolomites  were  accumu- 
lating in  the  New  York  area  and  westward.  This  is  where  it  is  placed  in 
the  much  saner  correlation  table  by  Schnchert. 

Marine  deposition  was  brought  to  an  end  by  the  general  withdrawal  of 
the  sea  from  the  North  American  continent.  This  was  probably  largely 
an  epeirogenic  movement,  a  general  elevation  of  the  land,  accompanied 
by  local  erogenic  movements  in  the  continent  of  Appalachia.  Or  we  may 
consider  the  withdrawal  of  the  sea,  this  negative  eustatic  movement,  as 
due  to  deepening  of  the  ocean  basins,  in  which  case  we  should  expect  to 
find  evidence  of  such  withdrawal  in  other  continents  as  well.  There  is 
some  indication  to  the  effect  that  such  withdrawal  has  taken  place,  fol- 
lowed by  a  readvance  of  the  sea.  In  Bohemia  Barrande's  Elage  F,,  cor- 
responding paleontologically  to  our  Upper  Monroe,  rests  with  a  discon- 
formity  on  Elage  E„.  The  latter  appears  to  be  Niagaran,  though  Car- 
diola  interrupla  suggests  a  somewhat  later  age. 

That  the  sea  did  withdraw  from  North  America  is  clearly  shown  in  the 
sequence  of  the  formation.    Throughout  the  known  areas  of  the  conti- 
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nent,  with  the  posBible  exception  of  the  northeastern  area  in  Sova  Scotia 
and  adjoining  districts,  the  top  of  the  Xiagaran,  where  not  followed  by 
the  Salina  deposits,  shows  evidence  of  erosion  prior  to  the  deposition  of 
the  Upper  Siluric  or  later  formations  over  it.  The  Salina  deposits  ex- 
tend from  the  Helderberg  and  Kittatiimy  Mountains  on  the  east  to 
Michigan  on  the  west.  The  southern  boundary  extends  from  Maryland 
northwoMlward  into  northeastern  Ohio  and  thence  into  southern  Michi- 
gan. The  present  northern  boundary  is  approximately  <'oextenHive  with 
the  northern  outcrops  of  the  Sifurie  strata  of  New  York,  Ontario,  and 
Michigan.  The  formation  is  thus  seen  to  occupy  an  elongated  basin, 
comprising  most  of  New  York  and  Pennsylvania  and  much  of  Ontario 
and  Michigan,  with  extensions  into  Marjland  on  the  east  and  Ohio  and 
perhaps  Indiana  on  the  west.  The  deposits  of  this  area  consist  of  elastics 
on  the  east  and  an  alternation  of  o]a.stic»  and  chemical  precipitates  in  the 
form  of  rock-salt,  gypsum,  and  anhydrite  in  the  western  area.  The 
elastics  on  the  east  are  i-loarly  derived  from  the  Appalachian  old  land 
still  farther  to  the  east,  this  being  the  only  possible  source  of  supply. 
These  elastics  comprise  two  types.  The  lowest  is  a  conglomerate,  usually 
made  up  of  more  or  less  well  rounded  quartz  pebbles  and  quartz  grains, 
except  in  its  easternmost  extension,  where  pebbles  of  other  material  also 
occur.  This  is  the  Shawangunk  conglomerate,  traceable  along  the  north- 
ern Appalachian  front  from  south  of  Kingston  to  some  distance  below 
the  Schuylkill  Gap  in  the  Blue  Mountain  of  Berks  County,  Pennsylvania, 
near  the  Ijetwnon  County  line.  Its  westwanl  e."itent  is  unknown,'  as  the 
formation  dips  beneath  younger  strata  and  is  not  brought  up  again,  nor 
is  it  reached  by  wells.  Its  eastward  extent  has  been  traced  to  the  Green 
Pond-Skunnymunk  Mountain  region  in  northern  Xew  Jersey  and  Sew 
York,  where  it  is  represented  by  the  Green  Pond  conglomerate.  The 
conglomerate  is  practically  everywhere  succeeded  by  &  red  shale  and 
sandstone  formation,  which  in  the  eastern  section  at  Green  Pond  Moun- 
tain is  known  as  the  Ix>ugwood  shale.  In  the  Ilelderbergs  of  New  York 
this  formation,  originally  called  Medina,  has  been  renamed  by  Hartnagel 
the  High  Falls  shale  from  High  Falls  on  the  Rondout  River.  In  Penn- 
sylvania the  red  beds  have  in  the  past  generally  been  referred  to  the 
Medina,  though  certain  portions  have  been  recognized  as  Salina  under 
the  name  Bloomsburg  shale.  As  will  be  more  fully  shown  in  the  detailed 
description,  both  the  conglomerates  and  the  red  beds  are  thickest  in  the 
east  and  thin  out  in  all  directions  away  from  the  souree  of. supply.  The 
series  is  an  almost  exact  repetition  of  the  Bald  Eagle-Juniata  series, 
deposition  beginning  with  coarse  pebble  and  sand  beds  and  passing  into 
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Ted  Bedimentatian.  As  in  tiio  cat>o  of  the  lower  Bcrien  of  deposits,  fossilfi 
are  absent  from  these  formatioiin,  except  in  special  cases  to  be  mentionecl 
hereafter,  and,  tike  the  lower  series,  this,  too,  must  be  considered  of  conti- 
nental origin,  as  will  presently  be  shown.  But  whether  or  not  we  accept 
the  continental  origin  of  these  de|N)sits,  it  is  evident  that  a  land-mass 
large  enough  to  supply  Kc>'eral  thousand  fwt  of  clastic  strata  must  be  of 
sufficient  extent  to  be  an  effective  barrier  bi-tween  tlie  .Saliiia  ba^^in  ami 
the  Atlantic.  Certainly  no  connection  with  the  sea  <«uld  exist  in  the 
region  fronted  by  these  deposits,  and  if  a  connection  did  exist  it  must 
have  been  either  to  the  north  or  to  the  south. 

The  extreme  northeastern  outcmp  of  the  Shawangunk  conglomerate  is 
a  little  north  of  Binnewater  station,  on  the  Walkill  Valley  branch  of  the 
West  Shore  Railroad  between  Kingston  and  llosendale.  Here  it  is  about 
10  feet  thick  and  for  the  most  part  still  carries  good-eize<l  pebbles.  Tli" 
High  Falls  shales,  which  overlie  it  also  overlap  it  northcastwanl  and  ex- 
tend to  within  a  few  miles  of  Kingston.  From  south  of  Kingston  to  the 
head  of  the  Helderbergs  at  Altamont,  successively  higher  strata  of  Upiwr 
Silurie  (post-Salina)  age  rest  on  the  eroded  Hudson  beds.  These  straiii 
are  marine  and  they  mark  a  transgression  of  the  sea  in  that  direction. 
It  is  evident  that  this  region  was  land  before  the  dejiosition  of  the  Coble- 
skill,  Rondout,  and  Manlius  beds,  and  that  hence  no  connection  with  the 
sea  could  exist  in  this  direction.  Xo  one  has  considered  a  i-onnei-tion 
with  the  Atlantic  north  of  this  across  the  Adirondack  region,  for  the  im- 
possibility of  maintaining  such  a  hypothesis  is  apparent ;  we  n>nlixo  that 
nowhere  in  this  region  arc  there  any  remnants  of  Silurie  strata  of  any 
age  until  we  roach  eastern  Xew  England.  These,  as  is  well  known,  Iw- 
long  to  an  Atlantic  district,  distinct  from  that  in  which  the  typical 
Silurie  strata  of  \orth  America  accumulated.  Moreover,  it  is  pretty 
certain  that  the  material  of  which  the  u'ater-lime  and  the  Manlius  lime- 
stone of  eastern  \ew  York  were  formed  was  derive<l  from  the  erosion  of 
the  Ordovicic  limestones  (Trenton  and  earlier)  which  then  covered  the 
Adirondackfi ;  and  since  there  is  further  every  reason  for  believing  that  the 
Lorraine  beds  also  covered  the  Adirondacks,  at  least  to  a  large  extent,  it 
is  evident  that  these  must  have  been  removed  by  erosion  prior  to  the 
attack  on  the  limestones.  There  is,  then,  sufficient  evidence  to  warrant 
the  conclusion  that  an  e.ttensive  region  from  Kingston  northward  aixl 
eastward  was  above  water  and  subject  to  erosion,  and  that  hence  no  con- 
nection with  the  Atlantic  was  jHissible  in  this  direction. 

What  has  been  said  of  northern  Xew  York  applies  equally  well  to 
Canada.     Xowhere  in  Canada  north  of  the  Salina  basin  are  any  poet- 
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Xiagaran  strata  known,  although  the  Xiagaran  beds  have  a  wide  distribu- 
tion. To  imagine  a  connection  across  this  region  with  a  distant  Arctic 
Sea  would  require  the  subsequent  complete  removal  of  the  deposits  thus 
formed.  That  is,  of  course,  not  impoasible,  hut  to  say  the  least  is  highly 
improbablG.  Such  a  supposition  would  also  require  the  removal  of  all 
deposits  formed  in  this  Arctic  Salina  Sea,  unless,  what  is  not  impossible, 
some  of  the  beds  classed  as  Niagaran  in  the  north  prove  to  be  of  latec 
age.  There  is,  then,  in  this  direction  a  possibility  of  a  connection  with 
an  Antic  Sea,  but,  as  will  be  shown  later,  the  characters  of  the  deposits 
within  the  Salina  basin  are  such  as  to  practically  forbid  such  an  aasump- 
tion. 

If  we  now  examine  the  deposits  of  northern  and  western  Michigan, 
eastern  Wisconsin,  Illinois,  Indiana,  northwestern  Ohio,  and  southeastern 
Michigan,  we  find  that  practically  everywhere  the  Upper  Sihiric  or  Mon- 
roe strata  rest  on  the  Xiagaran.  This  means  that  these  regions  were  land 
during  Salina  time  and  w  freed  from  receiving  deposits.  The  widespread 
erosion  of  the  Upper  Xiagaran  and  the  frequent  absence  of  late  Xiagaran 
beds  may  be  attributed  to  such  erosion  before  the  Upper  Siluric  Sea  cov- 
ered this  region  again.  From  Ohio  to  t)ie  Appalachians  the  formations 
are  out  of  sight  beneath  younger  dejiosits,  but  when  they  reapjwar  in  the 
disturbed  eastern  region  similar  relationships  exist.  Thus  at  Cumber- 
land, Maryland,  the  Salina  is  wliolly  wanting,  the  Ijower  Monroe  beds 
of  Upper  Siluric  or  post-Salina  age  resting  with  a  disconfomiity  and 
hiatus  on  the  Xiagaran,  the  highest  beds  represented  being,  aoconling  to 
Prouty,'*  of  Rochester  age.  These  Ix>wer  Monroe  befls  of  the  Cumber- 
land region  have  generally  been  referred  to  the  Salina,  but  I  have  con- 
vinced myself  by  personal  observation  that  sucli  a  reference  is  erronconw. 
They  form  one  continuous  stratigraphic  series,  with  the  beds  recognized 
by  their  fossils  as  Upper  Monroe,  and  their  thickness  does  not  differ  ma- 
terially from  that  of  the  Lower  Monroe  of  Michigan  which  overlies  the 
Salina.  What  few  fossils  have  so  far  been  obtained  from  these  limestones 
indicate  a  late  Siluric  age  and  bear  out  this  correlation. 

Between  the  limestone  of  Upper  Monroe  age  and  the  highly  fossilifer- 
OU8  Xiagaran  limestones  lie  It  feet  of  sandstone,  often  ripple-marked, 
and  30  feet  of  thin-bedded  calcilutytes,  mostly  nodular,  and  alternating 
with  shaly  layers.  The  sandsitones  probably  represent  the  Koefer  sand- 
stones of  the  section  farther  east.  They  comprise,  in  descending  order,  a 
3-foot  bed  of  ripple-marked  sandstones,  iron  stained  and  somewhat  disin- 

"Wm.    F.   Pnnit:t:  The   Meso-SfliirlBn   deposits  of   Maryland.      Anier,   Jour.   Set,,   vol. 
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t^rated  in  parts ;  a  2-foot  bed  of  calcareous  sandstone  and  a  (i-foot  beil 
of  light  yellow  sandstone.  The  underlying  nodular  limeatones  and  sliales 
are  referable  to  the  Xiagaran,  as  shown  by  their  fossils.  Overlying  the 
sandstones  is  a  4-foot  bed  of  thoroughly  disintegrated  rock,  stained  brown 
by  iron  hydrate  and  including  rounded  boulders  of  limestone,  some  of 
them  from  I  to  3  feet  in  diameter.  The  boulders  are  not  residual,  for 
they  are  perfectly  solid,  only  showing  a  certain  amount  of  o.\'i<lation  from 
the  surface  down.  They  have  the  aspect  of  old  limostone  boulders  worn 
round  during  exposure  to  the  air,  probably  by  streams,  and  cml>edded  in 
a  deposit  of  calcareous  mud,  rich  in  iron,  which  has  since  become  disinte- 
grated. This  argues  a  period  of  exposure  in  post-Niagaran  time,  as 
indeed  is  also  shown  by  the  absence  of  the  higher  Siagaran  strata.  The 
intervening  sandstone  is,  as  shown  elsewhere,  referable  to  the  Shawan- 
gunk.  Similar  conditions  exist  farther  cast,  but  here  the  series  is  com- 
plicated by  the  red  sediments,  as  will  be  more  fully  discussed  below. 

C'onsidering  all  the  sections,  it  seems  impossible  that  any  connection 
could  exist  between  the  Salina  basin  and  the  Atlantic.  Jt  certainly  <-ould 
not  exist  across  Maryland,  as  sometimes  suggested;  for,  as  we  have  just 
seen,  the  eroded  Niagaran  surface  is  here  succeeded  by  Lower  Mouroan, 
with  only  an  11-foot,  unfossiliferons  sandstone  series  intervening,  while, 
moreover,  indications  of  the  existence  of  a  long  land  surface  are  found 
between  the  sandstone  and  the  lower  Monroan. 

Schuchert  in  his  recent  paleogeographic  map  of  Salina  time  places  the 
connection  in  the  northern  New  Jersey  and  southern  New  York  area.  It 
is  difficult  to  understand  how  such  a  sup|H)sition  can  be  brought  into 
harmony  with  the  sediments  in  this  region;  for  it  is  just  here  that  the 
clastic  sediments  are  at  their  thickest  and  their  coarsest,  and  it  is  equally 
plain  that  a  large  land-mass  must  have  existed  here  and  to  the  east  which 
supplied  the  materials  of  these  clastic  formations.  This  is  not  only 
shown  by  the  fact  that  the  coarseness  and  thickness  of  the  series  are  here 
at  the  maximum,  but  also  by  the  fact  that  there  is  absolutely  no  other 
source  than  the  great  land-mass  here  which  could  supply  such  a  volume 
of  sediment.  This  will  appear  fully  as  we  discuss  the  sections  in  detail. 
This  postulate  of  a  great  land-mass  as  the  source  of  the  material  in  this 
section  is  imperative,  whether  we  consider  the  deposits  in  question  marine 
or  continental. 

We  may  now  proceed  to  a  detailed  discussion  of  the  sections  and  their 
significance.  In  all  cases  the  question  of  continental  rerms  marine  ori- 
gin of  the  deposits  will  bo  kept  in  mind  during  the  discussion. 

Details  of  the  necHons—ln  general. — In  presenting  the  details  of  the 
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section,  I  wisli  to  limit  myself  to  the  more  salient  features,  especially  in 
the  case  of  the  conglomerates,  since  this  formation  has  been  studied  in 
great  detail  by  Mr.  Paul  Billingsley,  a  graduate  student  in  Columbia 
University,  whose  work  ia  to  be  published  elsewhere."  Careful  perusal 
of  his  studies  and  the  conclusioDs  drawn  therefrom  is  recommended. 

The  Green  Pond  conglomerate  and  Longwood  shale  of  the  Paleozoic 
fault-block  of  New  Jersey  and  eastern  New  York. — A  long  outlier  of 
Paleozoic  strata,  the  eastern  extension  of  the  beds  found  in  the  Front 
Range  of  the  northern  Appalachiaiis,  occurs  in  northern  New  Jersey  and 
southeastern  New  York.  The  ridge  forms  Green  Pond  Mountain  at  the 
south  and  Skunnemunk  Mountain  on  the  north.  Intense  folding  and 
faulting  have  complicated  the  original  synclinal  structure  and  rendered 
measurement  of  sections  difficult.  The  mass  ia  separated  on  the  west  by 
a  fault  throughout  its  entire  extent,  and  there  can  be  no  question  but 
that  it  was  originally  connected  with  the  strata  of  similar  age  in  the 
Front  Ridge  of  the  northern  Appalachians  farther  west.  In  this  outlier 
the  eastern  extension  of  the  clastic  mid-Siluric  beds  are  found  in  the 
Green  Pond  conglomerate  and  the  Longwood  shale. 

The  name  "Green  Pond  conglomerate"  was  originally  applied  to  two 
distinct  formations,  but  was  restricted  by  Darton  in  1894  to  the  basal 
Siluric  conglomerate,  exposed  in  the  vicinity  of  Green  Pond  Mountain, 
New  Jersey,  and  representing  the  age  equivalent  of  the  New  York 
Shawangunk."  Its  thickness  was  estimated  by  Kriimmcl  and  Weller"  to 
■  be  approximately  1,200  and  possibly  1,500  feet  in  the  center  of  the  area, 
from  which  point  it  decreases  northward  and  southward.  At  Skunne- 
munk Mountain,  New  York,  Hartnagel  measured  250  feet,  but  some 
portion  of  the  formation  is  concealed.  At  the  railroad  section  near  Corn- 
wall station  only  about  25  feet  are  shown.  Southward  it  likewise  thins 
away,  though  measurements  are  not  available. 

The  rock  consists  throughout  of  coarse,  red  conglomerates  in  its  lower 
part  and  buff  and  reddish  quartzites  in  the  upper,  thesw  characters  re- 
maining uniform  throughout.  The  pebbles  are  largely  quartz,  from  one- 
half  to  3  inches  in  diameter,  with  a  dull  red  sandy  matrix.  Pebbles  &fe 
usually  numerous,  but  ducroase  in  number  locally.  They  are  generally 
well  rounded,  but  may  alno  be  angular.  In  one  place  large  masses  of  the 
underlying  limestone  are  included.  At  Cornwall,  where  the  conglom- 
erate rests  unconformably  on  the  Hudson  series,  the  pebbles  range  in 
size  up  to  S  inches.     As  compared  with  its  ne.xt  western  exposure,  the 

"  Mxninerlpt  deponltrd  In  roLumblii  T'nlTenlt;. 
"Butl.  Oral.  Soc.  Am.,  vol.  n.  1S<M,  p.  :V3. 
"Qcol.  N«w  Jerw;.  Add.  Report,  1901,  p.  13. 
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conglomerate  haa  thinned  considerably  in  Green  Pond  Mouiitaiu.  The 
Shawangunli  conglomerate,  its  equivalent  at  the  Delaware  Water  Gap,  is, 
according  to  the  careful  measurements  of  Mr.  Billiugslcy,  about  1,'JOO 
feet  thick,  the  distance  between  the  two  points  being  less  than  24  miles. 
If  the  conglomerate  were  a  marine  formation,  this  thinning  toward  the 
source  of  supply  would  suggest  progrewiivc  overlap  against  the  old  land. 
If,  on  the  other  band,  the  conglomerate  is  of  terrestrial  origin,  this  thin- 
ning may  be  regarded  as  due  cither  to  subsequent  erosion  of  the  upper 
beds  before  the  deposition  of  the  succeeding  formation  or  to  a  backward 
overlap  of  the  strata  of  a  growing  delta,  in  which  deposition  with  decreas- 
ing gradient  will  successively  extend  farther  up  the  stream  in  the  direc- 
tion of  the  source  of  supply. 

The  name  "Longwood  shales"  was  also  introduced  by  Darton  for  the 
red  beds  everywhere  succeeding  the  Green  Pond  conglomerate,  and  ha.s 
been  generally  adopted  for  these  beds,  though  local  names  are  useil  in 
New  York  (High  Falls)  and  Pennsylvania  (Bloomsburg).  At  the  type 
section  in  Longwood  Valley  east  of  Middleton,  New  Jersey,  the  forma- 
tion is  estimated  to  have  a  thickness  exceeding  300  feet.  In  the  northern 
end  of  the  fault-block  the  Longwood  shale  has  decreased  to  119  feet  in 
thickness,  the  beds  being  well  exposed  in  the  railroad  at  Cornwall.  The 
beds  are  coarser  below,  apparently  grading  down  into  the  Green  Pond 
conglomerate  and  become  finer  upward.  The  shale  is  mostly  of  a  bright 
red  color,  but  some  thin  layers  of  lighter  colored  shales  are  found  inter- 
bedded.  The  beds  are  terminated  in  the  northern  part  of  the  section  at 
Cornwall  station  by  a  1-foot  bed  of  shaly,  brecciated  limestone,  followed 
by  sandstone  and  light  colored  quartzites  carrying  the  Upper  Siluric 
(Decker  Ferry)  fauna. 

The  Longwood  shales  here  as  elsewhere  show  characteristics  pointing 
to  a  eubaerial  origin.  This  is  seen  not  alone  in  their  color,  hut  also  in 
the  presence  of  mud  cracks  and  of  clay  galls  in  the  more  sandy  layers. 

Although  the  greatest  thickness  of  the  beds  in  this  ridge  is  only  some- 
thing over  200  feet,  their  thickness  across  the  valley,  in  the  Kittatinny 
Mountain  region,  is  over  2,300  feet.  Whether  the  great  reduction  on  the 
east  is  largely  due  to  original  difference  in  deposition  or  mostly  to  subse- 
quent erosion  can  not  now  he  determined.  Certainly  there  was  extensive 
erosion  of  these  red  beds  in  early  Upper  Siluric  time;  for  the  beds  suc- 
ceeding the  Longwood  in  the  Green  Pond-Skunnemunk  outlier  are  of 
Upper  Monroe  age,  beginning  with  the  Decker  Ferry  formation,  which 
includes  at  the  top  the  Cobleskill  and  is  succeeded  regularly  by  the 
Rondout  and  Manlius.    The  thicker  series  of  Longwood  beds  acrou  the 
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Kittatinny  Valley,  however,  is  succeeded  by  upper  members  of  the  Ijower 
Monroe  group,  the  Poxino  Island  shale  and  Bossardville  limestone.  Be- 
tween the  latter  and  the  more  recent  Decker  Ferry  beds  is  sometimes 
found  a  quartz  sandstone  composed  largely  of  well  rounded  quartz  grains, 
suggesting  eolian  origin.  This  qiiartztt«,  the  Croasdale  quartzite,  appar- 
ently represents  the  Sylvaiiia  horizon  of  Michigan  and  suggests  a  break 
of  some  magnitude  between  the  Ixiwer  and  Upper  Monroe."  Apparently 
throughout  the  whole  of  Lower  Monroan  time  the  red  shales  of  the  pres- 
ent outlier  were  subject  to  erosion,  the  eroded  material  furnishing  the 
Ijower  Monroe  sediments  farther  west  and  south.  When  finally  this  area 
was  covered  by  the  sea  in  Upper  Monroe  time,  the  upper  layers  of  the 
remaining  red  series  may  have  been  in  part  incorporated  as  reworked 
material  in  the  base  of  the  Decker  Ferry  series.  The  occurrence  of 
crinoidal  fragments  and  of  a  few  pelcypods"  in  the  higher  red  strata  at 
<'ornwall  suggests  such  a  reworking  in  Tipper  Monroe  time. 

Ulrich  and  Schuchert  in  their  paper  ou  "Paleosioic  seas  and  barriers  in 
eastern  North  America," '"  page  G54,  give  the  impression  that  they  advo- 
cate the  accumulation  of  the  deposits  in  the  Green  Pond-Skuunemunk 
area  in  a  basin  or  trough  distinct  from  those  in  which  the  corresponding 
deposits  across  the  Kittatinny  Valley  accumulated.  Their  statements 
are  rather  vague  and  this  may  not  be  what  they  intended  to  say.  Still 
they  speak  of  the  "Skunnemunk  trough,"  which  is  apparently  a  syncline 
and  holds  a  series  of  formations  aggregating  in  the  southern  section  5,400 
feet. 

That  the  Siluric  strata  of  this  section  accumulated  separately  from 
those  of  the  more  western  area  can  not  for  a  moment  be  maintained, 
especially  when  the  basal  elastics  are  considered.  It  ought  not  to  be  nec- 
essary at  this  stage  of  stratigraphie  science  to  have  to  argue  fijr  the 
former  continuity  of  ei:tensive  series  of  elastics  which  at  the  present  time 
are  discontinuous,  but  parallel,  as  in  the  present  case,  especially  when  it 
must  be  apparent  that  the  only  source  from  which  the  material  of  the 
elastics  of  both  areas  is  derived  is  a  land-raasa  which  lay  east  of  the  east- 
ernmost of  the  two.  Certainly  no  fact  in  the  purely  physical  stratigraphy 
of  this  region  stands  out  more  boldly  than  that  the  separation  of  the 
formations  on  opposite  sides  of  the  Kittatinny  Valley  is  due  to  erosion. 
It  is  for  this  reason  that  such  misleading  terms  as  "Skunnemunk  trough" 
should  be  discarded. 
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The  Shawangunk  formation  of  the  Front  Ridge  of  the  northera  Ap- 
palachians.— Considering  now  more  fully  the  distribution  and  character 
of  the  typical  Shawangunk  conglomerate,  we  begin  with  the  fact  that  its 
greatest  known  thickness  is  in  the  Xittatinny  Mountains  in  the  region  of 
llie  Delaware  Water  Gap,  where,  as  already  noted,  it  aggregates  1,900 
feet.  The  formation  rest  unconformably  on  the  Hudson  beds,  beginning 
with  a  coarse  pebble  conglomerate,  in  which,  besides  the  prevalent  quartz 
pebbles,  pebble^  of  compact  mud  rock  are  also  found.  This  same  general 
relationship  to  the  Hudson  beds  is  maintained  in  all  the  sections  north- 
ward to  near  Kingston,  New  York,  and  southward  for  some  distance  be- 
yond the  Schuylkill  River.  Northward  the  thickness  decreases,  accord- 
ing to  the  measurements  of  Billingsley,  to  1,500  feet  at  Culvers  Gap, 
New  Jersey,  800  feet  at  Otisville,  New  York,  and  to  500  feet  at  Minne- 
waska.  New  York.  At  High  Falls  the  thickness,  according  to  the  borings 
made  by  the  Metropolitan  Water  Board,  is  345  feet,  while  at  Rosendale 
scarcely  100  feet  persist.  Finally,  at  Binnewater  station,  there  remain 
only  10  feet  of  conglomerate,  and  near  Kingston  it  has  disappeared  alto- 
gether. The  distance  from  its  thickest  point  at  the  Delaware  Water  Gap 
to  the  point  where  it  disappears  north  of  Binnewater  is  almost  exactly 
100  miles,  giving  an  average  decline  of  19  feet  per  mile.  Southwestward 
the  decrease  in  the  thickness  is  to  1,500  feet  at  the  Wind  Gap,  1,125  feet 
at  the  Lehigh  Water  Gap,  and  590  feet  at  the  Schuylkill  Water  Gap. 
The  distance  to  this  point  is  only  about  65  miles,  giving  an  average  de- 
crease of  24  feet  per  mile.  That  the  formation  has  not  entirely  disap- 
peared after  it  ceases  to  be  a  prominent  feature  in  the  landscape  is  shown 
by  the  occurrence  of  a  sandstone  of  the  same  age,  and  apparently  consti- 
tuting its  southward  extension  on  the  Maryland  border,  nearly  175  miles 
southwest  from  the  Delaware  Water  Gap.  This  will  be  referred  to  again 
later  on.  No  trace  of  the  rock  is  known  in  the  northwestern  outcrops  of 
the  Paleozoic  strata,  and  it  is  not  unlikely  that  its  actual  estent  under 
cover  is  not  much  north  or  west  of  Glmira,  New  York.  The  Ithaca  deep 
well  did  not  reach  the  bottom  of  the  Salina  formation,  and  the  one  at 
Seneca  Falls,  Seneca  County,  New  York,  which  passes  through  this  for- 
mation, shows  no  recognizable  representative  of  the  Shawangunk,  the  red 
Vernon  shales,  with  some  mottled  red  and  green  shale,  totaling  250  feet, 
lying  directly  on  the  Niagaran  limestone  series."  In  general  character 
the  Shawangunk  is  a  white  quartz  pehble  conglomerate,  but  with  many 
intercalated  layers  of  sandstone  and  shale.  The  change  from  the  one  to 
the  other  is  generally  abrupt.    Very  often  the  sandy  layers  show  the  com- 
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plex  type  of  croas-bedding  found  in  eolian  rocks,  wliile  the  conglomerate 
beds  show  the  compound  oblique  bedding  characteristic  of  torrential  for- 
mations. This  latter  type  of  cross-bedding  Mr.  Billingsley  found  to  pre- 
dominate, being  the  characteristic  type  of  the  formation  from  bottom  to 
top  and  from  one  end  of  its  outcrop  to  the  other.  The  direction  of  the 
oblique  layers  when  corrected  for  later  disturbance  is  generally  to  the 
northwest.  The  shales  are  generally  sandy  and  dark  colored  to  black; 
they  are  mostly  limited  to  the  lower  lialf  of  the  formation,  and  in  several 
localities,  notably  at  Otisville  and  the  I>elaware  Water  (iap,  they  have 
furnished  an  abundant  but  extremely  fragmentary  fauna,  consisting 
chiefly  of  Eurypterids.  The  species  so  far  described  are  Euryplerus 
maria  Clarke,  Eusarcus  cicerops  Clarke,  Stylonunis  myops  Clarke,  Stylo- 
nurus  ceslroius  Clarke,  Stylonurus  sp.  DoUchopterus  otisius  Clarke,  D. 
itlylonuroides  CI.  and  R.,  ffughmilleria  shatiangunk  Clarke,  Plerygoius 
ghbiceps  CI.  and  R.,  besides  fragments  referred  to  Phyllocarida.  These 
remains  and  their  bearing  on  the  general  problem  of  the  origin  of  the 
formation  will  be  discussed  farther  on. 

The  petrographic  character  studied  at  length  by  Billingsley  shows  sev- 
eral interesting  features.  The  pebbles  of  the  formation  seem  to  be  nearly 
all  vein  quartz,  while  in  point  of  wear  they  are  not  so  well  rounded  as 
are  those  of  the  Oneida  conglomerate.  Mingled  with  the  sand  grains  of 
the  matrix  there  is  an  abundance  of  feldspar,  much  of  it  in  a  very  nearly 
unaltered  state,  so  that  the  rock  frequently  assumes  the  characters  of  an 
arkoee.  This  is,  of  course,  not  found  where  eolian  cross-bedding  is  well 
developed,  as  in  an  outcrop  on  the  Schuylkill  River  studied  in  detail  by 
Billingsley.  Here  the  remarkably  fine  development  of  the  eolian  cross- 
bedding  was  accompanied  by  great  purity  of  the  sand,  a  striking  assort- 
ment of  the  grains  according  to  siise  and  a  great  perfection  of  rounding 
of  the  individual  grains.  On  a  lithological  basis,  Billingsley  was  able  to 
divide  the  Shawangunk  formation  into  two  parts.  The  lower  division 
comprises  coarse  conglomerates  with  intercalated  black  shales,  often 
carrying  Eurypterids  and  with  gray  sandstones,  showing  the  presence  of 
carbonaceous  particles  under  the  microscope.  With  this  oi'curs  bog  iron 
ore,  and  the  whole  series  has  the  aspect  of  having  accumulated  under 
comparatively  moist  climatic  conditions.  This  portion  of  the  formation 
disappears  in  the  sections  north  of  Otisville  and  south  of  the  Lehigh. 
The  second  division  consists  at  the  base  of  coarse,  white  conglomerates 
and  sandstone  rich  in  feldspar  and  passing  upward  into  red  sandstones 
and  shales.  This  division  overlaps  the  lower  one  to  the  north  and  south, 
being  the  only  one  present  in  the  Shawangunk  Mountains  and  northward 
and  on  the  Schuylkill  Wat«r  Gap. 
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The  Longwood  shales  and  sandstones. — This  formation  holds  its  char- 
acter and  thickness  for  some  distance  along  the  Front  Ridge  of  the  nortli- 
em  Appaiachiana.  At  Culvers  Gap,  Sew  Jersey,  it  is  about  2,200  feel 
thick,  and  consists  of  red  sandstones  alternating  with  red  shales.  Tlie 
sandstones  are  often  cross-bedded  and  very  commonly  carry  an  abuiidani-e 
of  red  clay  galls.  Xow  and  then  a  bed  of  greenish  or  grayisli  shale  af 
slight  thickness  may  occur,  but  the  formation  is  prevailingly  and  strik- 
ingly of  a  red  color.  At  the  Delaware  Water  (!ap,  where  the  thickness  is 
much  the  same,  the  character  also  has  not  changed  much.  The  Shawan- 
gunk,  which  is  here  1,900  feet  thick,  has  some  ferruginous  layers,  and  it 
alone  was  referred  to  the  Medina  and  the  Oneida,  while  the  red  and  green 
shales  overlying  were  referred  to  number  V  of  the  Pennsylvania  series 
and  made  to  include  both  Clinton  and  Salina.  As  a  matter  of  fact,  no 
Clinton  occurs  here,  as  that  belongs  wholly  below  the  Shawangunk,  with 
which  this  section  begins.  The  subdivisions  given  by  the  Pennsylvanis 
Survey  for  these  shales  are  as  follows: 

Fret 

Strata  concealed  hy  Clierry  River  Valley 740 

Feet 

TT|>|)er  red  shale. 155 

Variegated  aliales  and  aandstonen 4.'i0 

Lower  red  sliales. 740 

Lower  oilve  ahalee 340 

1.685 

2,125 
The  lower  series  ia  more  sandy  and  is  to  be  included  with  the  Shawan- 
gunk. The  lower  red  shales  contain  many  sandstone  bands,  which  by 
their  cross-bedding,  their  clay  galls,  etcetera,  indicate  the  mode  of  their 
formation.  The  clays  also  commonly  contain  mud  cracks,  though  these 
are  not  always  easy  to  observe  on  account  of  the  ready  shattering  of  the 
rock.  Some  of  these  mud  cracks  from  the  Schuylkill  section  of  the  Long- 
wood,  in  rather  greenish  beds,  penetrate  to  a  depth  of  3  or  4  inches  f*r 
more,  indicating  a  prolonged  period  of  desiccation,  during  which  the 
parched  ground  was  baked  hard  and  cracked  deeply.  On  the  Delaware 
the  central  part  of  the  Longwood  contains  more  greenish  sands  and  shale 
layers  than  is  found  in  the  sections  either  north  or  south.  At  the  Wind 
Gap  nearly  2,400  feet  of  red  shales  and  sandstones  occur,  while  the  Le- 
high shows  nearly  2,500  feet  of  these  strata,  according  to  the  recent 
measurements  of  Mr.  Billingsley.  Chance's  measurementa  give  onJj 
l.SI'S  feet  for  the  Ijehigh  Gap,  but  there  is  a  concealed  portion  which 
Lesley  thought  is  also  occupied  by  the  shale  and  of  which  he  says  "an 
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estimate  of  1,000  feet  would  probably  be  considerably  below  the  mark. 
...  It  is  more  probable  that  2,000  feet  of  concealed  shale  exiBts,"  " 
This  would  place  the  thickness  of  the  Longwood  series  over  2,275  and 
under  3,275  feet,  a  thickness  greater  than  that  found  anywhere  else  in 
the  State.  In  the  Lehigh,  as  at  the  Delaware  Water  Gap,  these  shales 
were  clasMcd  as  combined  Clinton  and  Salina,  while  the  Shawanguuk  was 
arbitrarily  subdivided  into  Medina  and  Oneida. 

On  the  Schuylkill,  where  the  Shawangunk  is  only  500  feet  thick,  the 
Longwood  has  a  thickness  of  more  than  2,600  feet.  The  section  as  meas- 
ured by  Doctor  Chance  was  summarized  by  Lesley  as  follows : 

Peet 

Upper  red  shale. 780 

tipper  red  sbale  and  sandstone 030 

Upper  olive  stiales 880 

Ore  sandxtoiie 96 

Lower  olive  shale 450 


To  this  Tjesley  would  add  several  hundred  feet  for  the  eroded  top  rocks, 
making  the  whole  thickness  about  3,000  feet. 

Throughout  the  region  from  Culvers  Gap,  New  Jersey,  to  the  Schuyl- 
kill Gap  in  Pennsylvania  no  fossils  have  been  found  in  the  shales  of  this 
series.  The  sections  are  terminated  by  the  Ijewistown  limestone  series, 
which  throughout  the  more  northerly  portion  seems  to  succeed  the  shales 
rather  abruptly.  In  New  Jersey  and  adjoining  districts  of  Pennsylvania 
these  beds  have  been  differentiated  into  their  components  and  given  dis- 
tinct names.  They  can  with  more  or  less  certainty  be  traced  into  the 
New  York  series,  and  some  of  them  have  also  been  recognized  farther 
south  along  the  Front  Ridge. 

In  the  Delaware  Water  Gap  region  the  red  Salina  shales  (Longwood) 
are  succeeded  by  a  5-foot  bed  of  fossiliferous  limestone,  the  Poxino  Island 
limestone  of  I.  C.  White.  This  is  followed  by  the  Poxino  Island  lime 
shales,  which  are  more  or  less  magnesian,  but  wholly  un fossiliferous  and 
have  a  thickness  of  200  feet.  They  are  in  turn  succeeded  by  90  feet  of 
Bossardville  limestone,  a  gray  to  blue  calcilutyte,  well  banded  and  com- 
posed of  lime  mud,  most  probably  derived  from  the  erosion  of  older  lime- 
Kiones.  Fossils  are  scarce  in  this  formation,  but  those  that  are  known 
are  of  Lower  Monroe  age.  The  limestone  is  followed  by  about  15  feet  of 
Kreenish  shales,  which  constitute  the  terminal  member  of  the  Lower 
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Monroan  of  this  region.  Above  the  shales  lies  the  Croasdale  conglom- 
erate and  sandstone,  between  which  and  the  Lower  Monroe  exists  a  pro- 
nounced hiatus.  This  sandstone  marks  the  return  of  the  sea  in  Upper 
Monroe  time,  the  type  of  sedimentation  being  that  of  the  Decker  Ferry 
or  early  Cobleskill. 

At  the  Susquehanna  Gap  in  Blue  Mountain  the  section  is  not  well 
enough  exposed  to  give  a  complete  succession.  The  "Clinton"  or  near- 
shore  phase  of  the  Niagaran  has  here  a  thickness  of  989  feet  (Claypole). 
It  consists  of  soft  shales,  sandstones,  and  iron  ores,  a  2-foot  bed  of  the 
latter  being  considered  by  Claypole  the  top  of  the  formation.  Beneath 
this  is  a  5-foot  bed  of  "saud  rock,"  Both  the  sand  rock  and  the  overly- 
ing ore  bed  carry  Niagaran  fossils,  Claypole  having  recorded  Beyrichia 
lata,  Caiymmene  cUnioai,  and  Ormoceras  verlebraiuni  Hall  from  them. 
Overlying  the  upper  ore  bed  are  green  shales  and  thin,  hard  limestone 
bands  containing  some  fossils,  among  which  Claypole  found  Lingula 
oltlonga  Conrad  {^L.  clintoni  Vanuxem)  and  Beyrichia  (Kladeaia) 
noiOrla  Hall.  These  shales  are  succeeded  by  400  feet  of  red  shales,  which 
have  been  correlated  with  the  Bloomsburg  red  shales  of  the  region  farther 
north.  The  shale  is  on  the  whole  very  uniform  and  fine  grained,  show- 
ing, as  do  most  of  the  shales  of  this  type,  scattered  green  spots  and  occa- 
sional green  layers  and  seams.  Fossils  are  absent  from  these  beds  except 
in  the  upper  part,  where,  as  will  be  shown  elsewhere,  they  were  subse- 
quently intro<luced.  The  series  is  succeeded  disconfomiahly  by  the  Ham- 
ilton (Marysvillc)  sandstone,  which  will  be  more  fully  discussed  in  a 
subsequent  paper. 

Elsewhere  in  Perry  County  the  red  Bloomsburg  shales  are  700  feet 
thick  and  are  Mueceeded  by  700  feet  of  lariegated  red  and  gr^en  shales. 
Xear  the  top  of  the  variegated  shales  occurs  the  Bloomfield  (Landis- 
bnrg)  sandstone  member,  a  bed  of  soft,  friable  sandstone,  varying  in  color 
from  dull  reddish  to  greenish  and  in  thickness  from  10  to  40  feet.  It 
contains  an  abundance  of  Lf[>er<Ulia  cf.  alia,  and  has  besides  furnished 
some  interesting  remains  of  a  primitive  fish  and  a  tishlike  Agantha.  The 
latter  is  Palwaspui  americana  Claypole  and  the  fish  is  Onckua  penttsyl- 
tflnJcHS  Claypole.  The  nearest  relative  of  the  Palteaspis  is  F.  (Holaspis) 
sericea  Lankaster  sp.  from  the  Lower  Old  Red  sandstone  of  Monmouth- 
shire, Sei)tland,  from  which  the  American  species  differs  only  in  minor 
particulars.  Onchiix  pennsyhanicus,  as  represented  by  fin  spines,  is  a 
typo  known  from  the  Siluric  and  the  Devonic,  occurring  as  low  as  the 
Niagaran. 

The  gray  shales  succeeding  are  800  feet  thick,  and  coneiflt  of  Boft  argil- 
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laeeous  shalea,  with  occaaional  harder,  more  calcareous  beds.  They  con- 
tain Leperditia  cf,  alta,  which  often  covers  entire  slabs.  It  is  probable 
that  the  diyiding  line  between  the  red  and  the  variegated  shales  here 
marks  the  line  between  the  Sallna  and  Lower  Monroe,  or  that  line  may 
be  some  distance  down  in  the  red  shales.  In  the  western  part  of  Perry 
I'ounty  (Saville  township)  this  seems  to  be  the  case,  as  (fhown  by  t!ie 
following  interesting  section  (F*,  page  3^4) : 

Solid  red  shale  (top) 2(Nl -f 

GreenlHli  yellow  slinle 2 

Red  sbale  aud  sandstone  with  flsb  scales  ? 4 

Bed  Bbale  and  sandstone 10 

Red  shale  and  sandstone  with  flsta  scales  ? 1 

Sand;  rpd  shale. 3 

Greenish  yellow  shale 1 

Soft  red  shnle  (almost  a  soft  ToskII  i)re)  with  Lciicr- 

ditia  cf.  alia ;t 

Hed  shale  (base) JOO  + 

This  section  may  mean  that  more  than  200  feet  of  the  red  strata  were 
reworked  when  the  Lower  Monroe  Sea  transgressed  over  the  old  Salina 
red  sediments  (Longwood),  and  that  this  amonnt  was  redcposited  as 
marine  Lower  Monroan.  A  similar  thing  may  be  indicated  by  the  occur- 
rence of  a  sandstone  bed,  the  Bridgeport  sandstone,  about  200  feet  below 
the  top  of  the  red  shale  in  Tyrone  towiichip.  Though  only  5  feet  thii'k, 
its  occurrence  in  an  otlivrwise  uniform  shale  series  is  rather  significant. 
The  "Leperditias"  and  fish  remains  may,  on  the  other  band,  indicate  an 
interruption  of  red  sedimentation  by  stream  or  saline  lake  deposits. 

About  100  feet  of  Bossardville  limestone  sucwed  the  gray  shales  in 
Perry  County,  followed  by  the  Clarks  Mills  beds,  100  to  150  feet  thick. 
These  contain  an  abundance  of  fos-iils,  all  of  them  of  Upper  Monroan  age 
and  of  the  eastern  type,  including  TentacuHlex  gyrocantlnts,  Spirifer 
vanuxemi,  LeperdUia  alta,  etcetera. 

The  Keefer  sandstone. — What  seems  to  be  clearly  the  aontliwestern  ex- 
tension of  this  series  of  formations  is  seen  in  the  post-Xiagaran  sand- 
stone shales  and  limestones  of  western  Maryland  and  adjoining  districts 
in  West  Virginia.  The  basal  bed  here  is  the  Keefer  sandstone,  which 
rests  on  Clinton,  and  shows  the  following  succession  of  beds  on  the 
Chesapeake  and  Ohio  Canal,  Maryland,  at  lock  53:'* 

"G.  w.  stow  BOd  rharlsB  Rwartx;  Pawpaw.  Baa  cock  Folio  No,  170,  C.  S.  OpoI.  Sur- 
Tfj.  IBIZ,  p.  B. 
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Koft  gnj  to  yp'llow  shnle.  orerlyiug  the  luiDdstoue.  pni 

Unrd  wliltp  lo  Kfiiy  wiiHlNtone,  thick  hediled  tibove.  thin  bedded  to 

shxly   below H 

Hard  biHck  fissile  xhule 1 

Hard  Raiidfltone  witli  rouRb  Hurfiices,  RtiUiipd  yellon-  and  red 1i> 

Hiird  l>1n<.'k  tthnle,  RHiidy  ut  top  Rnd  pitted  l)y  niRt-ntiilned  wonu  tubes; 
(.-ontnliin  nbutidiiut  fniKiiieiits  of  a  curyptertd  cloev  to  Huohmillcria 

K'lrhlllii  -   0 

IrreKilliir  l>ediled  Rundxtulie T 

Drab  to  i>lult  Hliule  wlfb  tbiii  suudy  beds  ut  top. 

<Cllnton ) 38 

The  occurrence  of  these  Eurypterids,  apparently  identical  with  those  of 
the  Shawangunk  grit,  is  strong  evidence  for  the  Shawangunk -Pitts ford 
age  of  the  sandstone,  and  it  may  be  regarded  as  the  attenuated  outer  edge 
of  the  overlapping  series  of  Shawangunk  strata.  Plastward  in  the  quad- 
rangle the  Kcefer  sandstone  increases  to  50  feet,  while  westward  it  dies 
out  altogether,  occurring  only  as  a  thin  ripple- marked  layer  above  the 
eroded  Niagaran  surface  near  Cumberland. 

The  McKenzie  formation. — The  Keefer  sandstone  is  succeeded  by  a 
series  of  thin  limestones  and  shales  which  have  been  classed,  together 
with  the  Keefer  sandstone,  aa  the  McKenzie  formation  by  the  United 
States  and  the  Maryland  geological  surveys.  The  fossils  determined  by 
Ulrich  from  the  fossiliferous  beds  of  this  horizon  opposite  Great  C'aeapoi. 
are  as  follows : 

Dalmancllo  postclpganlula 

Trcmatnupira  n.  sp.  (near  T.  camiira  and  T.  perforata) 

WhItflcMrlla  n.  »|).  (near  W.  Hilirfu) 

Uplrifrr  n.  sp.  (near  S.  sulcatui) 

Rplrlfer  cf.  erlenxiii 

BftKncftoHC/frt  formo'a 

RhynetioncVa  cf.  crlllcata 

Rhynchrmclla  n.  up.  (very  finely  plicated) 

Unlcunulug  cf.  pi/raniMaluji 

Ctenodnnta  n.  sp. 

CleidopIioriiK  cf,  yiicula  siiiunsa  SluiT>w>n 

FrotftyrU  n.  sp.  and  otber  pelecypods 

Coleohis  Bp.  undet. 

Othorcra*.  2  species  iindet. 

Beiiriefila  moodeyi 

KItfdenIa  cf.  Knune-rfniiiK 

Two  Hndewribetl  species  of    Kliedenella    and   pieuuiitlal    varieties  of 
K.  pciin$iflroni';a.  K.  turglda,  iind  K.  clarl'cl. 
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This  fauna  has  been  referred  by  Stose  and  Swartz,  on  tlie  authority  of 
Ulrich,  to  the  Salina,  but  there  is  nothing  in  this  asso(;iation  which  may 
not  be  regarded  as  representing  Lower  Monroan.  This  is  indeed  strongly 
suggested  by  Sptrifer  cf.  erienm,  the  Klcedenia,  and  KItedenellas,  esjic- 
cially  the  form  compared  with  Klcedinia  sugxej-enxis  (Weller),  which  in 
the  Lower  Monroe  is  reprewnted  by  the  closely  related  A',  inonroenitis 
Orabau,  and  perhaps  by  the  Whitiicldclla,  which  should  be  comparefl  with 
ir.  prosseri  Grahau  of  the  Lower  Monroe,  whicli  is  a  direct  succeKsor  of 
\V.  nititta,  suggesting  that  species  in  its  fonn  and  size  and  differing 
mainly  in  the  character  of  the  dental  plates  and  the  spondylioid  muscular 
area.*' 

Rhynchonelia  {Rhynchotrema)  formosa  Hall  is  a  Helderbergian  spe- 
cies and  is  probably  a  wrong  identification.  If  Rhynchospira  formosa 
Hall  is  meant,  then  it  is  probably  identical  with  R.  prirformoxa  flrabaii 
from  the  Greenfield  limestone  of  the  Lower  Monroe.  Trematoxpira 
camttra  is  a  Xiagaran  form,  T.  perforata  a  Helderbergian  one.  Rhyncho- 
nelia (Uncinulus)  vellicata  is  another  Helderbergian  form  and  bo  is 
Uncinulus  pyramidatus.  It  is  plain  that  this  faunal  list  has  little  value; 
if  it  indicates  anything  at  all  it  is  the  Monroan  age  of  the  formation. 
In  water-lime  beds  from  the  upper  part  of  the  McKenzie  formation  a 
small  tergite  and  several  pieces  with  Pterygotus  sculpture  were  found. 

Conglomeratic  limestones  above  the  Kcefer  sandstone  indicate  a  break 
in  the  series,  which  I  believe  is  filled  in  by  the  main  mass  of  the  Salina 
continental  deposits  farther  north. 

The  McKenzie  formation,  exclusive  of  the  Keefer  sandstone,  is  about 
160  feet  thick,  and  is  succeeded  by  the  "BliMirasburg""'  red  sandstone 
member,  which  varies  in  thickness  and  character  from  place  to  place, 
being  120  feet  thick  east  of  Tonoloway  ridge.  Its  character  suggests  the 
red  Longwood,  of  which  it  probably  represents  a  reworked  portion.  It 
marks  a  shoaling  or  emergence  of  the  Ijower  Monroe  sea-fioor  and  a 
period  of  stream  deposition,  Pseudormorphs  of  salt  crystals  occur,  indi- 
cating a  partial  return  to  arid  conditions.  This  may  have  corresponded 
to  Sylvania  deposition  in  Ohio,  Michigan,  and  Ontario,  or  may  have  been 
earlier. 

The  succeeding  325  feet  of  shales  and  calcareous  beds  (part  of  Wills 
Creek  shale)  are  mostly  light  colored,  containing  Lepertlilia  alia  and 
other  ostracods.  These  suggest  an  Upper  Monroan  age,  but  are  not  con- 
clusive.    The  next  succeeding  400  feet  of  Tonoloway  limestones,  hov 

B  much  btgber  borlion. 
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ever,  carry  an  uudoubted  Upper  Monroe  fauna.  This  coutiiiues  for  a 
conBiderable  distance  into  the  overlying  limestone,  which  Uirich  classes 
with  the  Helderbergian,  but  which  shows  a  large  percentage  of  late  Mon- 
roan  species,  and  is  better  referred  to  the  SJlnric,  even  though  a  number 
of  Helderbergian  species  make  their  appearance.  It  is  merely  a  case  of 
a  SiluTo-Devonic  transition  fauna. 

Farther  west,  near  Cumberland,  Maryland,  the  whole  of  the  lower  as 
well  as  the  upper  Monroe  is  represented  by  limestones,  which  rest  wilh  a 
Ktronj;  evidence  of  diBconformity  on  the  Keefer  sandstone,  which  in  turn 
lies  disconfomiably  on  Niagaran.  It  thus  appears  as  if  the  southern 
extent  of  these  mid-Siluric  red  deposits  did  not  reach  the  Maryland  line, 
where  only  the  reworked  sands  occur,  which  were  redeposited  in  Uie 
encroaching  Lower  Monroan  Sea, 

Other  Saliua  beds  of  I'ennsylvania. — It  is  more  ditficult  to  differentiate 
llie  red  de(ioBitfl  iif  Salina  age  fr<im  the  underlying  Clinton  and  overlying 
Monroan  in  the  counties  west  of  the  Front  Uidge  (Blue  Mountain). 
The  Shawangunk  is  wanting,  not  having  been  extended  to  this  region, 
but  red  shales  abound.  How  much  of  these,  however,  are  reworked  Long- 
wood,  deposited  during  Monroan  time,  is  not  yet  ascertained.  The  most 
significant  exposure  of  these  beds  is  undoubtedly  found  in  the  Blooms- 
burg  anticline  or  Montours  Kidge  of  Columbia  and  Montour  counties, 
where  the  series  reaches  the  surface  in  a  narrow,  eroded  anticline  with 
steeply  dipping  sides,  the  center  of  which  exjwses  the  Clinton  formation. 

Besting  on  the  upper  olive  brown  shales,  limy  beds,  and  flaggy  sand- 
stones of  the  Clinton,  fre  find  the  Bloomsburg  red  shale,  about  440  feet 
thick  and  best  exposed  in  the  gorge  of  Fishing  Creek,  behind  the  village 
of  Bloomsburg.  The  bods  are  dark  red,  very  uniform,  though  occasion- 
ally sandy,  and  marked  with  a  few  thin  layers  of  green,  which  apparently 
show  reduction  of  the  iron.  Xo  fossils  have  ever  been  obtained  from  the 
red  shales,  but  from  variegated  shales  near  the  top  of  the  red  beds  I.  C, 
White  reports  a  species  of  Lingula  in  considerable  abundance  near  Chu- 
losky  furnace,  on  the  eastern  line  of  Xorth  umber  land  County.  Thus  it 
appears  that  the  Monroan  portion  of  the  series  must  be  carried  down  a 
slight  distance  into  the  red  beds,* 

Overlying  the  Bloomsburg  red  shale  arc  407  feet  of  greenish  and  gra*' 
shales  alternating  with  red  shales,  sometimes  high  in  iron  content  (10 
in  12  per  cent)  and  with  thin  beds  of  magneeian  limestone  near  the  top. 
This  is  the  Middle  Salinan  series  of  I,  C.  White,  but  must  be  classed  as 
Lower  Afonroan.     Xo  fossils  have  yet  l)een  reported  from  this  series, 

•  TbcM  formftrloDs  ace   nov  belag  Bliidled  by   Rutb  tiacder,   candidate  [ifr   I'b.  I).    In 
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Overlying  it  are  329  feet  of  grGcnish  and  huff  shales,  and  shaly  limeBtoneB 
which  I.  C.  White  calls  his  Upper  Salina,  but  which  also  must  be  referred 
to  the  Lower  Monroe.  White  reports  these  beds  unfossilif erous, . but  I 
have  Been  indications  of  fosBiU  in  some  of  them.  The  series  is  succeeded 
by  Lewistown  limestone,  the  lower  part  of  which  is  of  Upper  Monroe  age. 
South  westward  along  the  strike  the  Bloomsburg  red  shale  is  less  uniform 
in  character.  In  the  I/)gan  se<tton  (Mifflin  County)  Beveral  beds  of 
ohve  shale  5  feet  or  more  in  thickness  are  found  intercalated  in  the  red 
beds,  which  still  maintain  a  thickness  of  433  feet.  In  the  Orbisonia 
section  the  red  beds-  are  less  than  400  feet  thick.  Finally,  in  Blair 
County,  the  extreme  western  exposures,  less  than  a  hundred  feet  of  the 
red  shales  occur  interpolated  with  many  layers  of  gray  shale  and  some 
limestones.  Another  scries  of  red.  beds  occurs  a  hundred  feet  below, 
showing  similar  alternation.  Limestones  and  shales  separate  the  two 
series  and  thin-bedded  liuiestoues  and  shales  succ'ced  them,  capped  finally 
ljy  the  lA'wiBtowii  limestone  with  UpjH-'r  Monroe  focsils.  The  whole  series 
is  probably  referable  to  the  Monroe.  There  are  about  460  feet  of  mixed 
strata  between  the  Clinton  iron  ore  and  the  Lewistown  limestone. 

Other  Salina  beds  of  \ew  York. — Turning  now  to  the  north  and 
northwest,  we  find  that  along  the  Shawangunk  range  the  rod  beds  slightly 
overlap  the  conglomerate.  They  are  alternating  red  and  green  shales 
and  sandy  beds,  and  are  generally  known  as  the  High  Falls  shales.  Their 
Ihickness  dues  not  exceed  91  feet,  and  they  are  succeeded  by  the  Binne- 
water  sandstone,  a  qnartzose  sandstone  sometimes  slightly  reddish  and 
averaging  38  feet  thick.*  Aliove  this  come  the  limestones  of  the  late 
Upper  Monroe — the  Wilbur,  averaging  2  to  fi  inches;  the  Rnscndale,  15 
to  ao  feet;  Cobleskill,  14  feet;  Kondout,  20  feet,  and  Manlius,  50  feet, 
bringing  us  to  the  top  of  the  Siluric.  The  limestones  overlap  in  the 
northern  Helder bergs. 

Throughout  the  greater  part  of  the  State  of  Xew  York  the  Salina  be- 
gins with  the  Vernon  red  shale,  except  where,  as  at  Itochester,  the  Pitts- 
Ford  shale  forms  a  transition  formation  from  the  KJagaran  below.  The 
Vernon  shale  varies  from  150  feet  in  the  type  locality  to  400  or  more  in 
central  New  York.  In  the  typical  outcrop  in  the  town  of  Vernon  near 
Clinton,  New  York,  it  comprises  135  feet  of  dull  red  shale  unstratified 
and  with  green  spots  scatterctl  through  the  mass.  It  is  separated  by  10 
feet  of  light  greenish  shale  from  the  underlying  Xiagaran  limestones  and 
by  5  feet  of  similar  shale  from  the  succeeding  dark  CamilUis  shale.  At 
Syracu.se,  where  the  Vernon  shale  is  525  feet  thick,  it  is  succeeded  by  the 
salt  beds,  this  being  the  general  order  within  the  State.    Thin  sections 

*  Sbaft  4,  BiTndoat  ayphon,  board  watpr  aiipply  ncord. 
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show  tlie  rook  to  be  exceedingly  fine  praineil,  poiiRistin^  of  tinv  quartz 
grains  embwWed  in  a  red  matrix  of  earlliv  or  claylike  material.'"  Thr 
amount  of  ferrie  oxide  is  only  2.25  per  cent  and  that  of  ferrous  oxido 
0.75  per  cent,  but  it  is  so  regularly  diw!emiiiate<l  that  it  pr<Hluce«  a  uni- 
form coloring  of  tbe  dejuwit.  Tlio  green  upot.s,  often  witli  black  centers, 
are  essentially  free  from  ferrii;  oxide,  tbe  analysis  giving  I.IW  per  i-eul  of 
ferrous  iron,  wbich  Miller  believes  is  largely  present  in  (lie  form  of  car- 
bonate. He  liolds  that  the  presence  of  organic  matter  prevented  the  o^i- 
dation  of  the  iron  in  the  spots  and  in  the  gR'cn  shales  above  and  below, 
and  thinks  this  organic  matter  may  have  been  sea-weeds.  This  is  at  least 
very  doubtful,  for  no  evidence  of  the  neighborhootl  of  the  sea  has  been 
adduced.  The  Vernon  sugge.sts  rather  the  accumulation  of  fine  loess-like 
material,  chiefly  as  wind-blown  dust.  Snch  a  dust  may,  of  course,  inclose 
an  abundance  of  organic  substances,  such  as  seeds  and  spores  of  land 
plants,  and  even  low  forms  of  animal  life  which  the  wind  may  carry  fn»m 
distant  regions,  and  which  when  deiiosiled  will  by  their  de<^oni)>ositi<m 
locally  prevent  oxidation. 

In  the  Rochester  region,  where  the  Vernon  shale  has  a  thickness  of  6iHi 
feet,  it  is  separated  fn»m  the  Niagaran  series  by  the  interesting  Pittsford 
shale,  with  its  remarkable  Eurypterid  fauna.  These  deposits  and  their 
contained  Eurypterid  fauna  were  described  in  detail  by  Sarle,"*  who  gives 
the  following  section  in  dt^ceiiding  order  (page  1083)  : 

PWt       IB. 

1.  Red  shale  niarlite  ( Veriirai  I 10 

2.  Hard,  fliie-gratiied.  yellowish  dolouilte,  havlutc  an  liniwrrei-t  con- 

cboldal  frni'lure 2 

3.  Red  shiile 1 

4.  Break  estimated  at 3 

B.  Dolomite  like  nuinlier  2 3 

fi.  Green  shale  or  mnrllte 4 

7.  Red  Bhiile 1       « 

«.  Break  estinmted  iit  alioiit 2 

9,  Gree:i  sluile 2      .'S 

10.  Black  shale,  very  fine  texture,  fossils,  niid  with  1  liicli  tloloinlte 

parttnn  ( Eur}'|)lerld  horizon) 1      6 

11.  Green  sliale 1 

12.  Dolomite  like  nuniher  2 2 

13.  Green  sbnie  or  iiinrllle (1 

14.  Light  I'oUired  water  lime,  some  pyrites  and  sun  cracks 5 

1."^  Pen  Rreen  sliiily  niarllte T 

Total .11       7 

10.  Impure  yellowlsli  ixirous  limestone  (Nfntcurnn). 

"W.  J.  MUler:  OriKln  of  rolor  In  Ihr  VprtioD  nhnlr.      N.  Y.  Slatp  Mimciini  Ball.  140, 

pp.  ir.o-irrfi. 

"Sfw  Yort  SiHtr  MiwpuDi  BuH.  fifl,  lOM.  pp.  IHSO-llOS,  plales  6-26. 
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There  are  thus  20  feet  of  strata  between  the  top  of  tlie  Niagara  and  the 
black  shales  carrying  the  Eurypterids.  The  stromatoporoid  reef  rocks, 
with  an  incipient  Guelph  fauna,  were  succeeded  by  thin-layered,  impure, 
ripple-marked  dolomites,  with  "fucoids"  as  the  only  common  fossil.  This 
was  followed  by  the  deposition  of  tough  porous,  very  bituminous  lime- 
stone, suc(*eding  to  which  was  formetl  a  stratum  of  thin-layered  bitumi- 
nous accretioiiary  limestone,  forming  flat,  imbricating,  shell-like  domes. 
Then  another  change  resulted  in  the  formation  of  8  feet  of  light  yellow- 
iiih,  impure  limestone,  with  indications  of  a  finely  branching  organism,  , 
probably  a  plant,  and  followed  by  a  greenish,  slialy  marlite,  which  in 
Sarle's  view  form  the  base  of  the  Salina,  and  carries  a  small  species  of 
Pterinea.  The  water-lime  next  succeeding,  with  its  shrinkage  cracks, 
marks  a  temporary  drying  up  of  the  region,  though  marine  conditions 
are  still  indicated  by  the  occurrence  of  a  Pterinea,  a  Lingula,  a  Leper- 
ditia,  and  an  Orthoceras.  With  the  exception  of  the  last,  these  fossils 
have  been  found  in  the^black  shale  layer  which  is  chiefly  characterized  hy 
the  Eurypterid  remains.  Above  this  horizon  the  green  shales  and  dolo- 
mites continued  for  a  while  and  then  gave  way  to  red  sedimentation. 

Among  the  species  found  in  the  black  shale  llugkmUhria  socialis 
Sarle,  a  species  very  closely  similar  to  H.  shawangunk  Clarke  of  the 
Eurypterid  shales  of  the  Shawangunk  conglomerate,  takes  the  first  rank. 
It  occurs  abundantly  in  the  lower  half  of  the  black  shale,  "where  it  is  so 
prolific  that  certain  planes  are  literally  packed  with  its  remains,  making 
this  probably  the  richest  Eurypterid  stratum  known,"  Another  form, 
variety  robusta  Sarle,  also  occurs.  The  genus  Eurypterus,  represented 
by  the  single  species  E.  iiiltsfordpiise  Sarle,  occurs  most  frequently  in  the 
upper  half  of  the  shale,  just  above  the  limestone  parting.  The  dolomite 
layers,  on  the  other  hand,  are  almost  entirely  free  from  Eurypterid  re- 
mains, but  contain  Leperditia,  Pterinea,  and  occasional  pentalabiate 
Clomphoceras.  Other  species  found  are  Pleryguiua  monroenxia  Sarle. 
Slglonurus  mulOspinosvs  Clarke  and  Rucdemann,  Cerafiocaris  prwcedens 
Clarke,  Emmehza  decora  Clarke,  and  I'xetiihiiisais  roosevelli  Clarke, 
besides  fragments  of  other  species. 

The  significance  of  this  section  will  l>e  di.st-ussed  later,  but  there  are 
several  points  to  whi<'h  attention  may  be  called  now.  It  is  evident  that 
some  marked  changes  was  taking  place  with  the  beginning  of  Pittsford 
sedimentation.  The  old  fauna,  which  had  existed  over  this  region  for  a 
long  period  of  time,  was  dying  out.  Temporarily  a  new  assemblage  of 
organisms  appeared,  whose  remains  were,  moreover,  restricted  to  the 
black  muds,  while  the  dying  Niagaran  fauna  made  several  attempts  to 
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return  to  the  Hoohester  region.  After  a  while  both  the  \iagaran  and  tlii; 
Eurypterid  faunas  became  extinct  in  this  region,  and  the  red  sedimenta- 
tion of  the  Vernon  shale  set  in.  That  this  was  intimately  connected  with 
the  red  ehale  (Longwood)  sedimentation  farther  east  can  not  be  ques- 
tioned, and  it  seeme  equally  clear  that  the  Pittsford  shale  sedimentation 
eorresponded  in  part  to  the  Shawangunk  sedimentation  farther  east,  as 
shown  by  the  similarity  of  organic  remains. 

In  Michigan  the  V^ernon  shale  is  absent,  or  at  any  rate  its  earlier 
phases  are  represented  by  salt  deposits.  As  shown  by  the  borings  in 
'  southeastern  Michigan,  what  appear  to  be  Xiagarau  dolomites  are  di- 
rectly succeeded  by  salt  deposits,  the  lowest  bed  here  having  a  thickness 
of  160  feet"  in  one  section.  It  may,  of  course,  be  true  that  the  limestone 
at  the  base  still  belongs  to  the  Salina,  but  that  seems  rather  questionable. 
The  shales  succeeding  and  separating  the  different  salt  beds  are  not  red, 
so  that  it  appears  that  Vernon  sedimentation  did  not  extend  so  far. 

Interprefalion  of  the  xectiottx — The  Hhawaugunk  conglomerates. — 
Considering  the  deposit  as  a  wliole,  we  sec  that  it  has  roughly  the  fonn 
of  a  semi-cone,  whose  greatest  thickness  is  in  the  region  of  the  present 
Kittatinny  Mountains  in  New  Jersey  and  Pennsylvania.  From  this  point 
it  decreases  regularly  northeastward  and  south  westward  and,  since  it  is 
absent  in  southern  New  York,  it  must  also  decrease,  probably  at  a  similar 
rate,  toward  the  northwest.  This  rate  averages  20  feet  per  mile.  South- 
eastward it  seems  to  decrease  at  a  more  ra])id  rate,  as  shown  by  the  fart 
that  in  less  than  24  miles  it  has  decreased  fnini  I.flOO  to  l,2ll()  feet,  or  at 
a  rate  of  about  30  feet  per  mile.  The  fact  that  the  formation  become!' 
coarser  to  the  southeast,  and  that  the  pebbles  are  less  purely  of  one  kind 
of  material,  argues  that  the  source  from  which  they  were  derived  lay  in 
that  direction.  The  same  thing  is  shown  by  the  eharacter  of  the  pebbles 
themselves,  which  are. mainly  vein  quartz,  and  by  the  abundance  of  the 
feldspar,  since  there  is  no  other  rock  capable  of  supplying  such  materia! 
except  the  crystalline  old  land  on  the  southeast.  Some  part  of  the  wrios 
might  indeed  have  been  derived  from  the  early  Sihiric  and  late  Ordovicic 
deposits  of  a  similar  character  (Tuscarora  and  Bald  Eagle),  but  the 
probabilities  are  that  if  the  eastern  folded  portions  of  these  strata  made 
any  contribution  it  was  a  slight  one.  It  must  not  be  forgotten  that  (he 
center  of  the  Shawangimk  deposit  is  shifted  approximately  145  miles  to 
the  northeast  of  the  center  of  the  Bald  Eagle  deposit  to  a  region  where 
the  lower  series  had  thinned  away  to  an  insignificant  sandstone  layer. 

.  Surrey  ot  Mlchlfran,  vol.  v,  pi,  il ;  tlta 
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That  the  point  of  greatest  thickness  of  the  Shawangunk  marks  the  de- 
bouchure of  the  stream  which  brought  the  pebbles  from  the  old  land  can 
hardly  be  questioned.  They  could  not  have  been  carved  from  a  cliff, 
unless  it  were  one  of  pure  vein  quartz,  for  otherwise  the  pebbles  woulu 
not  be  of  such  pure  character  throughout.  To  any  one  familiar  with  a 
modern  seacoast  thia  need  not  be  demonstrated.  Nor  would  the  distribu- 
tion of  the  pebbles  be  such  that  the  deposit  is  tliickest  in  one  point  only 
and  thins  away  in  all  directions.  We  should  expect  relative  uniformity 
in  thickness  parallel  to  the  shore.  Only  a  river  deposit — that  is,  a  river 
delta — may  have  the  form  of  a  cone  decreasing  in  all  directions  away 
from  the  source  of  supply  by  progressive  outward  overlap,  and  likewise 
decreasing  toward  the  source  of  supply  by  backward  overlap.  The  ques- 
tion next  arises,  Did  this  deposit  form  in  an  arm  of  the  sea  or  did  it  form 
on  dry  land?  So  far  as  the  deposit  itself  is  concerned,  a  sea  is  not  neces- 
sary. Just  such  a  deposit  could  accumulate  on  dry  land.  It  would  have 
all  the  lithic  and  structure  characteristics  found  in  the  Shawangunk. 
These  are : 

First.  The  decrease  in  coarseness  of  material  from  the  center  outward, 
and  also  upward,  since  the  lowering  of  the  grade,  coincident  with  the 
enlargement  of  the  fan,  would  cause  the  coarser  material  to  be  deposited 
farther  upstream. 

Second.  The  abrupt  changes  in  texture  from  conglomerate  to  sand- 
stone and  back  and  the  irregular  extent  of  the  several  members.  This 
latter  feature  is  indeed  hard  to  explain  on  any  other  hypotiiesis. 

Third.  The  purity  of  the  pebbles — that  is,  the  similarity  in  lithic  char- 
acter— which  indicates  long  transportation  and  destruction  of  all  but  the 
quartz  pebbles. 

Fourth.  The  moderate  rounding  of  the  pebbles. 

Fifth.  The  abundance  of  feldspar  in  the  ground-mass,  which  on  a  sea- 
shore is  more  apt  to  suffer  destruction,  as  shown  by  (he  studies  of  Mackie 
on  the  sands  of  Scotch  rivers  and  coasts.'" 

Sixth.  The  combination  of  rounded  grains,  purity  of  sand,  and  com- 
plex or  eolian  cross-bedding.  The  cross-bedding  miglit  be  caused  here 
and  there  where  a  bar  is  just  awash,  but  the  combination  of  this  with  the 
other  characters  mentioned  on  the  seashore  could  only  be  by  the  merest 
chance,  while  it  is  the  expected  thing  in  the  case  of  eolian  deposits. 

Seventh.  The  widespread  occurrence  of  cross-bedding  of  the  torrential 
type  throughout  the  entire  visible  extent  of  the  deposit  from  northeast  to 
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southweet,  a  distance  of  about  300  miles,  and  from  bottom  to  top,  a  thick- 
ness of  1,900  feet  iu  the  ceuter  and  with  al)  the  oblique  layers  pointing 
to  the  northwest.  Such  a  type  of  eroBs-bedding  has  never  yet  been  ob- 
served on  the  seashore,  nor  is  it  conceivable  how  such  a  type  can  be 
formed  in  subaqueous  deposits.  This  cross- bedding  is,  however,  esacllv 
the  type  which  would  be  he  formed  if  the  deposit  in  question  were  formed 
by  torrential  rivers. 

Eighth.  The  shale  layers.  These  might,  of  course,  also  occur  in  inarim 
beds. 

Ninth.  The  character  of  the  overlap  of  the  strata  which  is  away  from 
the  source  of  supply.     An  overlap  away  from  the  source  of  supply  may 


occur  in  subaqueous  delta  deposits,  but  it  would  invariably  be  a  replaeinf; 
one — that  is  to  say,  while  the  coarse  rivcr-horne  detritus  is  depositetl  on 
the  shore  other  purely  marine  deposits  are  forming  farther  away.  Sow, 
the  base  of  the  series  is  open  for  examination  for  a  length  of  nearly  2'Hi 
miles,  and  in  no  case  is  there  any  finer,  purely  marine  deposit  replacing 
the  lower  coarser  detrital  beds  away  from  the  center.  If  the  deposifs 
were  forming  in  the  sea  and  gradually  spreading  out,  their  relationship 


to  the  underlying  rocks  should  be  as  shown  in  the  following  diagram 
(figure  11),  whereas  the  actiial  relationship  is  as  shown  in  figure  12,  the 
successively  overlapping  clastic  beds  resting  directly  on  the  old  erosiua 
surface. 

Tenth.  The  absence  of  undoubted  marine  fossils. 

The  argument  from  contemporary  salt  deposits  and  from  the  occur- 
rence of  Enrypterida. — There  are,  then,  none  of  the  Hthic  and  structural 
characters  known  to  be  possessed  by  the  Shawanguuk  which  are  not  alw 
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characteristic  of  or  at  least  found  in  torrential  deposits  formed  entirely 
on  dry  land.  Indeed,  it  is  quite  apparent  that  a  number  of  the  moat 
marked  characters  of  the  formation  are  difficult,  if  not  impossible,  of  ex- 
planation on  any  other  theory  of  origin.  Why,  then,  do  we  find  in  the 
literature  the  common  reference  of  this  conglomerate  to  an  "estuarine" 
or  a  "lagoon"  or  a  "seashore"  deposit?  Tliis  ie  in  part  no  doubt  due  to 
the  general  disinclination  to  take  another  of  the  formations  formerly 
unquestionably  regarded  as  marine  out  of  this  category  and  add  it  to  the 
growing  list  of  formations  now  regarded  as  of  continental  origin.  Some 
geologists,  and  apparently  not  a  few,  view  every  such  attempt  with  jealous 
distrust,  and  they  hold  out  to  the  very  last  for  the  old  accepted,  but  never 
proved  interpretation  long  aft«r  all  the  signs  in  the  case  point  to  the 
necessity  of  accepting  the  new.  But  there  are  two  other  reasons  in  the 
present  case  why  the  marine  origin  of  the  Shawangunk  conglomerate  is 
held  to  by  so  many  geologists.  The  first  is  that  it  precedes  and  is  inti- 
mately associated  with  the  deposits  of  salt  and  gypsum  which  charac- 
terize the  Salina  group  of  the  interior,  and  which  many  geologists  are 
still  loath  to  interpret  in  any  other  than  the  orthodox  way  prescribed  by 
Ochsenius.*'  The  second  reason  is  the  reeenl  discovery  of  Eurypterid 
remains  in  the  black  shales  intercalated  between  the  conglomerate  layers. 
N'ow,  Eurypterids  have  almost  always  been  regarded  as  marine  animals, 
especially  during  the  earlier  periods  of  their  reign  on  the  earth,  in  spite 
of  the  suggestive  discussion  by  Professor  Chamberlin,  in  which  it  was 
shown  that  Eurypterids  were  more  likely  inhabitants  of  fresh  water  and 
took  to  a  marine  habitat  later.  It  was  not  that  fresh-water  Eurypterids 
were  unknown,  for  beautifully  preserved  specimens  had  repeatedly  been 
obtained  from  terrestrial  deposits  in  close  association  with  coal  plants. 
But  it  was  and  is  believed  by  many  that  the  deposit  which  most  satis- 
factorily preserves  these  organisms,  the  Bertie  water-lime,  must  be 
marine,  and  therefore  the  Eurypterids  must  be  marine,  and  therefore  all 
Siluric  Eurypterids  must  be  marine,  even  though  they  become  fresh- 
water forms  in  the  Devonic,  and  therefore,  finally,  all  deposits  containing 
Eurypterids  before  the  Devonic  must  be  marine. 

We  may  now  proceed  to  look  more  carefully  into  these  questions  anii 
see  if  the  Salina  deposits  really  were  marine  and  if  the  Eurypterids  of  the 
Siluric  were  necessarily  so.  If  we  can  establish  that  in  neither  case  is 
the  marine  hypothesis  the  best  one  explaining  these  deposits  or  account- 

"  Bee,  (or  exaniple.  tbe  recmt  elaborate  dlscuBBlon  at  the  origin  ot  the  Sanaa  ults  by 
Clwke  aad  RuedemaDn  In  the  Eurypterid  memoir,  which  does  not  even  meotlon  the 
deiert  tbeorj'. 
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ing  for  the  distribution  of  these  oTganisms,  our  last  excuse  for  regarding 
the  Shawangunk  conglomerate  ae  a  marine  deposit  falls  to  the  ground. 

The  origin  of  salt  deposits. — I  have  elsewhere"  discussed  at  some 
length  the  origin  of  salt  deposits  and  will  merely  summarize  the  chief 
points  in  this  connection. 

The  ultimate  source  of  the  salt  is  probably  in  all  cases  the  sea,  but  the 
method  of  abstraction  from  sea-water  varies,  while  a  relative  dryneBS  of 
climate  seems  to  be  a  necessary  requisite.  The  known  methods  of  separa- 
tion ate  (1)  complete  evaporation,  (2)  deposition  according  to  the  bar 
theory,  and  (3)  the  desert  theory  of  separation.  Regarding  the  first 
theory — that  is,  the  evaporation  of  wat^r  of  an  extensive  basin  and  the 
concentration  of  the  salt  in  a  small  area— I  have  shown  that : 

"Several  facts  are  to  be  considered  in  this  method  of  salt  deposition 
as  forming  crucial  test  points  for  tlie  application  of  this  theory  to  the 
elucidation  of  the  origin  of  an  older  salt  deposit.    These  are : 

"First.  Complete  evaporation  of  sea-water  furnishes  a  normal  succes- 
sion of  deposits,  beginning  with  gypsum,  followed  by  the  sodium  chloride 
and  ending  with  the  potash  salts.  These  latter  might  under  circum- 
stances be  removed  under  the  influence  of  desert  conditions  by  the  winds. 

"Second.  Later  deposits  should  be  separated  from  the  first  by  layers  of 
detrital  sediment,  for  it  is  inconceivable  tliat  a  flooding  of  a  desert  area 
by  the  sea  should  be  unaccompanied  by  a  great  spread  of  clastic  material 
over  the  entire  area  flooded, 

"Third.  With  the  incursion  of  the  sea  into  this  area,  the  life  of  the 
outer  oceans  will  also  enter  the  inclosed  sea  to  exist  for  a  while,  until  the 
connection  is  broken  and  evaporation  again  renders  the  waters  too  saline 
for  the  existence  of  these  organisms.  Long  before  evaporation  has  pro- 
ceeded far  enough  to  deposit  the  salt,  these  organisms  are  killed  off  and 
their  preservable  remains  become  embedded  in  the  clastic  strata  forming 
at  the  bottom  of  the  inclosed  basin.  Thus  the  dividing  clastic  layers 
would  also  be  fossiUferous. 

"Fourth.  The  sea  being  near  enough  to  flood  the  basin  at  inten-als, 
contemporaneous  marine  deposits,  carrying  the  remains  of  the  normal 
marine  fauna,  which  also  characterizes  the  clastic  beds  between  the  salt 
layers,  are  formed  within  a  comparatively  short  distance  of  the  salt  de- 
posits." 

"A,  W.  Qrabau :  The  orlclD  of  salt  d«poelts.  wllb  special  reference  to  tbe  ailnrlc  salt 
depoBlta  of  North  America.  BuH.  GT.  Mining  and  Hetallurgical  Soclet;  of  America.  Feb« 
19ia.  Bee  aim  Prliicl|ile>i  ot  Htratlgraiib;,  chapter  li.  where  Ihe  whole  queiillan  ot 
modem  salt  depoalla  &Dd  the  various  (hemes  of  orlglD  are  dlscusxed  and  llluHtrsUon* 
cited. 
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"Applying  these  criteria  to  the  Salina  deposits  of  eastern  North  Amer- 
ica, we  find,  first,  that  while  gypsum  and  salt  occur  in  alternating  layers, 
there  is  a  notable  ahsence  of  the  potash  salts  such  as  characterize  the 
great  Zechstein  salt  deposits  of  North  Gennany;  second,  the  character- 
istic separating  layers  are  found  as  a  rule,  but,  third,  they  are  entirely 
unfoesiliferous,  these  Salina  deposits  being  noted  for  their  barreuiieas  of 
organic  remains,  and,  finally,  fourth,  there  are  no  undoubted  marine 
equivalent  deposits  carrying  the  normal  oceanic  fauna  of  the  time  any- 
vbere  within  reach  of  the  salt  deposits.  Schuchert,  it  is  true,  draws  a 
connection  with  the  Atlantic  atrross  northern  New  Jersey  and  south- 
eastern New  York,  but  (as  I  have  already  shown)  it  is  here  that  the 
clastic  deposits  are  thickest,  and  so  there  must  have  been  a  broad  land 
area  still  farther  east  from  which  the  material  composing  these  beds  was 
derived." 

"It  is  thus  evident  that  this  mode  of  formation  of  salt  deposits  ia  not 
applicable  to  the  Salina  deposits  of  North  America." 

In  considering  the  deposits  formed  according  to  the  second  or  bar 
theory,  we  are  again  "confronted  with  the  fact  that  such  deposits  of  salts 
should  he  foseiliferous,  for  the  amount  of  marine  life  destroyed  in  the 
Karabugas  is  enormous,  and  the  accumulation  of  organic  remains  in 
these  deposits  is  unparalleled  in  the  neighboring  sea.  Again,  such  accu- 
mulations of  salt  should  be  in  close  proximity  to  deposits  formed  under 
more  normal  marine  conditions,  for  the  saline  gulf  and  the  sea  which 
supplies  the  salt  water  are  separated  only  by  a  narrow  bar.  The  failure 
of  both  these  criteria  in  the  Salina  formation  of  North  America  makes 
it  evident  that  this  method  of  accumulation  could  not  have  been  the  one 
to  which  these  salt  deposits  owe  their  existence." 

The  third  or  desert  theory  of  deposition  regards  the  salt  as  obtained 
from  the  connate  sea-water  imprisoned  •  in  the  older  marine  rocks,  to- 
gether with  the  additional  amount  of  NaCl  absorbed  by  marine  elastics. 
Analyses  have  shown  that  the  amount  of  NaCl  in  recent  marine  elastics 
may  be  as  6  per  cent  of  the  mass  of  the  sediment  {see  analysis  quoted  in 
the  paper  cited).  The  connate  water  alone  would  furnish  an  amount 
probably  not  short  of  1  per  cent. 

"To  form  a  bed  of  salt  100  feet  thick  nnd  covering  an  aren  of  2.500  square 
miles  (whilst]  is  probably  more  eitenElve  thnn  any  Ringle  salt  layer  In  the  New 
York  or  Mlcblgnn  bnslna)  would  require,  on  tbe  bnnla  of  I  per  <'ent  of  sntt 
content,  the  destruction  of  an  older  marine  clastic  formatloD  10.000  feet  thick 
and  coverlnft  tbe  same  area.  Tbe  name  salt  bed  nilffht  be  derived  from  tbe 
destmctlon  of  an  old  marine  formation  100  feet  thick  and  covering  ao  area  of 
250,000  square  miles,  or  no  area  equal,  appro^ilniately.  to  that  of  tbe  States 
of  Ohio,  Indiana,  Mlcblgan,  Wlaconsln.  and  a  part  of  Illtnols.  Tbe  area  trlbu- 
XXXIT— Bdll.  Qml.  Boc.  Ah.,  Vol.  84. 1813 
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tiiry  to  tbe  Snilua  basinx  was  probably  tbree  times  tbe  area  of  these  StaleR, 
ur  more,  and  froni  tbe  reiununta  of  tbe  Nlagaran  beds  left  In  some  localities 
Its  tbk'kneHs  uverugei]  at  leant  uUO  feet,  and  may  liave  approacbed  1.000  feet, 
not  to  speak  of  tbe  underlying  marine  Ordovlrlc?  stretn.  Thus  at  least  15  sncb 
Halt  l>ed»  eontd  be  ubtiilned  from  tbe  Nlagarau  beds,  a  large  part  of  whl(?h  are 
known  to  have  been  eroded  during  Sallnu  time.  It  Is  probable  that  balf  thld 
amount  of  unit  Ih  more  tlian  RutHclent  to  form  all  tbe  salt  beds  of  tbe  Salina 
basins  of  New  York.  Michigan,  iiud  Ontario. 

"Ou  tbe  ImisIm  of-tlie  salt  content  of  modem  marine  deposits  tbe  amount  of 
available  snlt  mli;bt  easily  be  considered  as  five  tlmea  greater  than  that  glren 
by  tbe  above  en  leu  I  at  I  oils. 

"Tbe  calcareous  beda  In  tbe  Sfllinn  series  of  Xew  York  and  Michigan  are 
undoubtedly  formed  from  tbe  lime  sand  and  lluie  mud  derived  by  the  mectiani- 
cal  destruction  of  tbe  older  limestones  (Nlagarau).  Tbe  magneslau  cbaracler 
of  sonie  of  these  lieiis  Is  aix-ounted  for  by  tbe  partial  dolomltlc  character  of 
the  limestones  from  which  they  wei%  se<-ondarily  derived.  The  gji'sum  may. 
nt  course.  l>e  In  |>tirt  tbe  c:itc1nni  sut|>hiite  of  tbe  old  Hoa-water  and  In  |iart 
altered  liniestoneH  of  tbe  elastic  tyi)e.  Mucb  of  tbe  lime  sand  and  mud  re- 
mained unusetl,  however,  until  tbe  advent  of  the  Monroe  Sen  over  this  region, 
when  It  was  de|ioslted  as  stratified  elastics  In  this  sea,  or  ou  its  marglas,  to 
fimn  the  finely  bolded  Monroe  stnita. 

"Considering  tbe  Sallna  deposits  In  tbe  light  of  modem  salt  accumulations. 
It  bpiMnies  apiMirent  that  of  all  the  known  methods  of  accumulation,  that  of 
the  continental  Hts  lM>st  the  eonditlons  found  and  explains  all  the  characters 
of  the  deiHisitx.  wbk'li.  oti  tbe  other  1i.Tl>otbeses  of  origin,  are  dlfHeult  or  even 
Impossible  of  explanation.  One  of  the  strongest  arguments  in  favor  of  the 
marine  or  estunrluc  orlicin  of  the  clnstle  finllna  deposits,  the  Shawangunk  and 
tbe  Iiongtvood.  tbus  falls  to  tbe  icround,  and  we  are  driven  to  the  conclaslon 
tbat  these  de|K)slts  could  not  have  accumulated  In  a  bod,v  of  standlni;  water, 
marine  or  estuarlne.  Itei'ause,  as  shown  by  tbe  contemi>ora neons  deposits  in  the 
interior  basins,  wbere  sucb  seas  sbould  bave  been,  there  was  no  sucb  water 
body  In  existence,  instead  of  this  there  was  a  desert  area,  parte  of  whicli 
were  flooded  ni omenta ril.v  by  tbe  Infrequent  streani.  wbleh  washed  the  saline 
efflorescence  from  the  surrounding  highlands  and  thus  brought  atKiut  their  con- 
centration In  a  circumscribed  desert  area"  (page  8). 

Relation  of  the  Eurypferids  to  their  environment. — It  has  been,  as  a 
rule,  tacitly  assumed  that  Eurypterids  were  marine  organisms,  at  leaet 
in  tlie  earlier  periods  of  their  exifitence.  Tlie  only  writer  who  has  allied 
for  a  non-marine  habitat  of  these  organisms  was  Chamberlin,"  whose 
study  was  mainly  a  philosophical  one  and  which  only  incidentally  con- 
sidered the  indicatiiins  fiimishcd  by  the  rocks  in  which  the  remains  arc 
founil.  Severthek'ss,  here,  as  in  so  many  other  cases,  this  brilliant  writer 
and  investigator  has  touched  upon  the  essentials  of  the  problem,  which 
he,  for  the  first  time,  clearly  places  before  us,  and  he  has  pointed  out  the 
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method  of  attack  by  which  further  evidence  is  to  be  obtained.  It  is  true 
that,  as  Weller  has  said,  ".  .  .  there  is  no  inherent  characteristic  of 
the  fossil  Eurypterus  which  can  in  any  way  suggest  that  it  may  not  have 
been  a  truly  marine  organism,  and  our  conclusioD  that  it  was  not  such 
an  organism  is  drawn  from  the  physical  surroundings  of  the  fossil  itself, 
rather  than  that  the  physical  conditions  are  what  we  believe  them  to  be 
on  account  of  some  peculiarity  of  the  fossil."**  Still,  Chamberlin's  de- 
duction, that  the  fish  form  "could  only  have  developed  in  water  that 
poaseseea  a  persistent  and  usually  rather  rapid  motion  in  a  fixed  direc- 
tion— t.  e.,  in  rivers,"  must  not  be  overlooked.  Our  investigations,  how- 
ever, must  be  directed  mainly  toward  the  physical  characters  of  the  strata. 
It  is  precisely  this  close  analysis  of  the  physical  characters  of  the  strata 
in  which  the  Eurypterids  occur,  and  the  interpretation  of  these  characters 
in  terins  of  origin,  that  has  until  recently  been  ao  universally  neglected. 
In  the  description  of  the  species  there  has  seldom  been  made  an  attempt 
to  locale  them  precisely  in  the  formation,  to  note  the  state  of  their  preser- 
vation, and,  above  all,  to  note  precisely  their  association  or  lack  of  asso- 
ciation with  other  (frganisms.  The  fauna  of  a  whole  formation  in  which 
Eurypterids  occur  has  been  listed,  but  as  a  rule  one  finds  no  statements 
regarding  the  precise  occurrence,  whether  other  organisme  occur  in  the 
same  stratum  or  whether  they  are  restricted  to  higher  or  lower  strata.*" 
In  order  to  get  at  the  foundation  of  the  problem,  it  has  been  necessary 
to  search  the  literature  of  the  world  to  find  out  not  only  how  many  species 
have  been  described,  but  also  their  conditions  of  preservation  and  their 
association  with  other  organisms.  This  work  has  been  undertaken  by 
Miss  M.  O'Connell,  a  graduate  student  in  paleontology  in  Columbia  Uni- 
versity. She  has  prepared  an  abstract  of  her  studies  which,  though  in- 
complete, embodies  all  but  the  rarest  occurrences  in  this  field.  Miss 
O'Connell  has  continued  this  investigation  and  endeavored  by  the  study 
of  the  museum  material,  as  well  as  the  literature,  to  trace  out,  so  far  as 
is  possible,  the  precise  habitat  of  the  Eurypterids.  Her  results  will  be 
published  in  the  near  future. 

Dutlribution  and  occurrence  of  the  Eurypteridx:  Suniiiiar/f  hy  M. 
O'Connell — In  general.— -The  world-distribution  of  the  Kurypterids  shows 
that  these  merostomea  ranged  in  geological  age  from  the  pre-Cambric 
through  the  Permic,  reaching  their  acme  in  numbers,  development,  and 
diversity  of  types  in  the  Siluric.  From  a  careful  search  through  the 
literature  of  Europe  and  America  it  was  found  that  17  genera  and  sub- 

••BdII.  Geol.  Sdc.  Am..  TOl.  22.  IDll.  p.  226. 

■  This  crltlclun  also  appUes.  tbough  to  a  leas  eiteol,  tQ  the  iiiB«n[flcPnt  memoir  oD 
tba  Eni7pterlda  o(  N«w  York  Jiut  Iwued  b;  the  Burve;  at  (hat  State, 
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genera  and  158  speciea  have  been  described;  14  genera  or  subgeQera  and 
(»;)  speciea  of  this  number  are  recorded  from  Xorth  America."  Consider- 
ing tiie  species  so  far  described,  it  will  be  seen  that  the  lithological  char- 
acters of  the  forinatiutis  in  which  they  are  found,  the  numbers  of  repre- 
sentatives, ami  tlu'  pcrfettion  of  preHcrvation  are  significant  factors  in 
the  interpretatiun  of  the  conditions  niidtr  which  the  Eurypt«rids  lived. 

Pre -Cambric-^  From  the  pre-C'ambric"  only  one  species,  Beltina  danai 
Walcott,  has  been  recordetl.  This  occurs  in  the  Greyson  shales  of  the 
Belt  Terranc  of  Montana  and  the  Altyn  limestone  of  the  same  State;  also 
in  siliceous  shales  of  about  the  same  horizon  in  Alberta,  Canada.  Both 
Walcott  and  Barrell  consider  the  Belt  formation  non-marine,  the  beds 
having  been  spread  out  by  streams,  and  parily,  perhaps,  in  fresh  or  brack- 
ish waters,  which  were  rarely  in  connection  with  marine  waters.  Walcott 
thinks  that  Beltina,  of  which  thousands  of  fragments  have  been  found, 
was  swcjit  in  from  the  open  ocean  during  one  of  the  marine  invasions, 
but  he  also  notes  the  |>ossihility  that  this  type  may  be  related  to  some 
frcsh-wfltiT  Brancliio|Kida.  The  main  points,  however,  are  that  the  frag- 
ments arc  very  nunieious,  that  they  occur  in  a  non-marine  or  brackish 
water  formation,  and  that  no  typical  marine  organisms  are  found  with 
them.  It  should  in  this  connection  be  stated  that  Clarke  and  Ruedemann 
question  the  mcrostome  nature  of  the  Greyson  shale  fossils,  but  admit 
this  for  the  specimens  from  the  Altyn  limestone  and  the  equivalent  beds 
of  Alberta,  Canada. 

Cambric. — The  Cambric  and  early  Ordovicic  are  peculiarly  wanting  in 
Eurypterid  remains,  and  wliat  few  have  been  found  have  been  confined 
to  North  American  formations.  In  the  Middle  Cambric  there  are  un- 
doubted marine  Mcrostomata,  discovered  by  Walcott  in  1910  in  the 
Stephen  shale  in  British  Columbia,  Canada.  He  found  many  wonder- 
fully preserved  specimens  associated  with  trilobites  and  other  marine 
organisms,  thus  leaving  no  doubt  as  to  the  marine  character  of  the  for- 
mation. Two  genera  are  described,  Sidneyia  and  Amiella,  the  former 
from  very  perfect  and  abundant  material,  the  Utter  from  one  broken 
fragment.  Those  "Limulava,"  as  Walcott  has  classed  tliem,  would  offer 
a  strong  argument  for  the  original  marine  habitat  of  the  Eurypterids, 
were  tliey  true  Eurypterids.  They  are  not,  however,  as  is  seen  from  a 
comparison  of  the  Limulava  and  Eurypterida,  and  Walcott  himself  has 

"Memoir  14,  N'.  Y.  KiBtc  Museum:  The  Eurypterida  of  New  York.  BetUHa  danai  la 
omitled  troDi  tb«  lint  In  IIiIh  Tnemoir,  but  la  here  added. 

"  SiDce  tbese  depoHltB  are  dlscoafonnablj  succeeded  by  Middle  Cambric  laometlum 
perbape  lat«  l/tw^t  I'eniliric)  marine  bedii,  I  lee  do  reason  nh;  tber  could  not  be  rc- 
gnrded  as  tbp  contlneatal  eigulvaleats  uf  tne  bower  Cambric  marine  strata  o(  tbe  ngloBa 
lartber  west.— A.  W.  <J, 
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said  that  with  further  study  the  Limulava  will  probably  be  made  an  order 
coordinate  with  the  Eurypterida.  This  is  alao  the  position  taken  by 
Clarke  and  Huedemann  (Mem,  Eurypt.,  pages  406-410),  who  consider 
that  "this  order  possibly  belongs  to  the  Mcrostomata,  but  it  is  distinctly 
allied  to  the  crustaceans  .  .  ."  and  that  it  is  more  generalized  than 
the  Eurypterida. 

The  only  true  Euryplerid  from  the  ("anihric  is  SiraJio/iK  tlKuiiiri 
Beechcr  from  the  Potosi  limestone  of  Missouri,  a  formation  generally 
classed  as  of  Upper  Cambrit:  ajre.  One  almost  perfect  individual  has 
been  found,  but  it  occurs  without  any  other  fossil  associatea  in  an  argil- 
laceous calcilutyte,  the  origin  of  which  is  not  proven  to  be  either  marine 
or  non-marine,  though  associated  beds  carry  a  good  marine  fauna. 

Upper  Ordovicic. — From  the  Ordovicic  until  just  recently  only  two 
occurrences  had  been  noted,  that  of  Erkinognathus  rievelandi  Walcott, 
deecribed  from  the  Utica  shale  of  Holland  Patent,  Xew  York,  where  one 
thoracic  appendage  and  a  portion  of  a  thoracic  riomite  were  found,  and 
that  of  Megalograptus  icelchi  S.  A.  Miller,  originally  described  as  a 
graptolite  and  occurring  with  a  typical  marine  fauna,  chiefly  crinoida, 
in  the  Liberty  or  Middle  Richmond  beds  of  AVarren  County,  Ohio.  The 
materia]  consists  of  fragments  of  walking  legs  (one  nearly  complete)  and 
a  few  body  segments.  Lately  there  have  been  some  extremely  interesting 
discoveries  of  Eun'pterids  in  the  Schenectady  and  Xormans  Kill  shales 
and  sandstones  of  the  Mohawk  and  Hudson  valleys.  The  preliniinary 
notice  of  the  Schenectady  specimens  (nriginaily  referred  to  the  Frank- 
fort), which  has  appeared  in  the  report  of  the  Dirtvtor  of  the  New  York 
Stale  Museum  for  1910  (page  31),  shows  that  tltcsu  remains,  "usually  in 
fragmentary  condition,  abound  most  freely  in  fine-grained  black  shale, 
intercaiated  between  thick  calcareous  sandstone  beds  .  ,  .  ,  but  they 
also  occur  in  the  sandy  passage  beds  between  the  two.  The  sandy  shales 
are  full  of  organic  remains,  partly  of  the  supposed  seaweed  Sph  en  alkali  us 
lalifoHum  Hall  and  partly  of  what  appear  to  be  large  unidentified  patches 
of  Eurypterid  integument.  In  the  black  shales  the  Eurypterid  remains 
are  rarer,  but  their  surface  sculpture  ia  excellently  retained,  and  here 
their  organic  associates  arc  Cliinacograplus  ti/pU-alis  and  Triarthrus 
berki.  As  a  result  of  imperfect  retention  of  these  Eurypterida  in  the 
rocks  where  they  most  abound  and  their  sparsi-ness  iu  the  shales  wliieli 
have  best  preserved  them,  we  are  still  left  in  ignoranee  of  the  full  com- 
position of  the  assemblage,  but  it  is  safe  to  say  genera,  species,  and  indi- 
viduals were  abundant  at  this  early  period,  and  the  evolution  of  dis- 
tinctive characters  .  ■,  .  had  progressed  to  ho  sharp  a  differentiation 
that  we  arc  compelled  to  carry  back  farther  in  history  some  of  the  com- 
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moner  generic  deai  gnat  ions.  Theeo  remains  in  the  Frankfort  [Sche- 
nectady] shale  are  distributed  through  fully  1.500  feet  of  strata  off  i 
northeast-southwest  foaatline  in  an  area  of  maximum  deposition."" 

Kleven  specie  have  been  described  from  the  fragmentary  material  of 
the  Schenet:tady  shale,  all  of  them  new.  They  belong  to  the  ^ner» 
Euryptenis,  Eusareus,  DoHchopterus,  llughmillerift,  Pterygotua,  ami 
StylonirruK  ?.  The  mxterial  consists  mainly  of  i-ephala,  carapact.s  jitkI 
fragments  of  legs  and  abdominal  segments.  Harcly  are  a  few  abdominal 
segments  attached  to  the  carapace,  while  si)oi;imonrt  containing  i>arls  of 
legs  attached  are  extremely  rare.  No  complete  specimen  haa  been  fouiul, 
the  moat  perfect  one  being  a  carapace,  with  one  swimming  leg  attacluil 
and  six  abdominal  i^cgments.  This  specimen  is  also  partly  macerated.* 
Typical  Frankfort  material  has  not  yet  been  reconlod,  but  we  may  exiMil 
to  find  it  at  any  time. 

Still  more  recently  Eurypterid  remains  have  been  discovered  by  Prof. 
G.  H.  Chadwick  in  sandstones  of  the  Xormanskill  horizon  at  Catskill, 
New  York : 

"Tlic  lltholofclcnl  and  fnimiil  couttltloiiH  iit  tlie  Rrooiu  Street  qnarrr  «>ip»- 
sures  [where  tlipwe  remnlus  were  foundl  were  fonud  to  lie  a  slngularlj  romplfle 
duplicntlon  of  those  cif  tlie  Eury|Jterlil-l*arlnK  exi>osuree  1q  the  bluestone 
qunrries  at  Scheiiectarty.  The  Broom  Rti'eet  quarry  is  iilso  a  bluestooc  (lUiinT, 
the  rock  lieliig  mostly  used  In  llie  crnslicr.  The  c<«irj<eH  or  'WueMtoue'  (hpfp 
an  impure  Brelllnceoufi  wtndstone)  ni-e  very  coniiinct.  from  'A  to  HO  reet  (lil<'l( 
between  the  Intercfllntious  of  Mack  sliiilef.  'Hiere  Is  diKtIiict  evidence  of 
■ha  I  low- water  c-ondltlons,  one  bed  tteluK  couKluiiierntlc  and  Inrxely  iviiiiiosnl 
of  pelible*<.  many  of  which  a|i|iear  to  he  mud  t>ehldes:  another  ImiulifuHy 
exhlbltlnic  very  rcKulnr,  widely  feparated  wave  marks  with  wlniiows  of  com- 
minnte^l  seaweeds  and  eiirj'pterlds  In  the  trouichs. 

"Quite  an  In  the  hluestnne  quarries  of  the  S<'heuectady  bedx.  the  snrfoces  of 
some  of  the  simdHtoues  are  densely  eoi-ered  with  rather  iworly  preservwl  sen- 
weeds  and  eurypterid s.  It  was  therefore  natural  to  expect  that  here  too  Itw 
Mack  lDter<-alat(>d  shales  would  contain  better  material  of  these  fossils  awl 
[Ktssihly  also  Krnptolttes  tinit  would  Indlciile  the  atce  of  tlie  t>e<ils.  They  'love 
Indeed  afforded  a  Inyer  with  an  flssoclntlon  of  llnely  [preserved  nenweeds.  the 
curypterlds  herewltli  dewrlbed.  and  tlie  following  fcrnptolites :  liUrllograplx' 
giiarjei/i  Lnpworth,  Clhnaetigraptun  bkfiniln  Hall.  CUmacngrapt«»  6/comi*  vsr. 
pelUfFT  I^pwiirtli.  VrypUifirapluK  fiiiiiiiiix  irnrrutliersl.  the  first  three  In 
great  abundance.  Tiiis  grnptoHte  iisH>i'laliou  is  one  of  undoubted  Nurmnnskill 
BKe.  Tlie  senweeils  occur  in  Int^e  perfei-t  fronds  and  ai-e  of  the  same  type  "•■ 
those  In  the  8<'hene<'tady  shale.  The  Rurjirterids  also  are  BtrlklnBly  similar  to 
those  from  the  Schenectadj-  beds."  " 

"•Bull.  H».  N.  Y.  male  Mutwum.  Iflll.  pp.  SO.  31. 
■  S**  plat*  «n,  flgiir*  13,  Slsmolr  14.  N.  Y.  Slatp  Muwiim.  part  U. 
»  Memoir  14.  N.  Y.  Htate  Museum  :  The  KiirypttrldB  of  Npw  York,  bj  John  M.  Cltrte 
■ud  R.  RuedemaDD,  pp.  411-412. 
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The  material  found  in  the  Sormanskill  bede  is  entirely  fragmentary, 
80  much  eo  that  the  generic  reterencea  are  only  provisional  ones  (loc.  cit, 
page  413).  These  genera  are  Eurypterua,  Eiisarcus,  Dolichop terns,  Sty- 
louurus,  one  speciea  each,  and  Pterygotus  two  species,  one  doubtfully 
referred.  Five  of  the  six  species  described  are  new,  but  one,  Pterygotus  ? 
nasutus,  has  also  been  described  from  the  Schenectady  beds.  As  a  rule, 
only  carapaces  are  preserved,  but  several  small  specimens  have  a  few 
abdomina!  segments  attached,  and  one  retains  a  part  of  a  walking  leg. 
Portions  of  swimming  legs  and  a  telson  of  what  appears  to  be  an  Errc- 
topteruB  and  one  of  a  Pterygotus  also  occur. 

Summary  for  pre-Siluric. — Summarizing  the  evidence  for  the  nature 
of  the  habitat  of  the  Eurypterids  in  pre-Siluric  time,  it  appears  that, 
aside  from  the  occurrence  in  the  Schenectady  and  Normanskill  shales,  the 
evidence  seems  to  be  in  favor  of  a  habitat  not  typically  marine.  In  thu 
Belt  Terrene  the  Eurypterid  remains  are  found  in  fresh  or  brackish  water 
deposits,  showing  that  in  their  earliest  appearance  they  were  not  marine, 
as  is  often  stated.  It  may  be  argued  that  they  were  swept  in  from  the 
open  oi'ean,  but  if  that  were  the  case  we  may  ask :  Wliy  are  no  other  ma- 
rine organisms  found  associated  with  the  hundreds  of  Beltina  fragments? 
Moreover,  they  are  found  in  the  lower  part  of  the  Greyson  shales  (3,000 
feet  thick),  which  pass  into  sandstone  and  conglomerate,  indicating  a 
retreat  rather  than  an  advance  of  the  sea.'""  As  for  the  Cambrit;  owur- 
rences,  the  fauna  of  the  Stephen  shale,  while  undoubtedly  marine,  must 
be  disregarded,  since  the  forms  are  not  true  Eurypterids.  TJie  one  B[)eci- 
men  from  the  Potosi  limestone  offers  no  evidence  for  either  marine  or 
non-marine  habitat,  since  the  origin  of  the  particular  beds  in  which  this 
specimen  occurs  is  not  known.  Even  if  marine,  this  single  occurrem'e 
would  argue  rather  against  than  for, a  marine  habitat  of  Hie  t'ambric 
Eurypterids.  The  single  fragment  found  in  the  Utica  shale  offers  (tosi- 
tive  evidence  against  a  marine  habitat  as  the  normal  one.  At  Holland 
Patent  the  fragile  graptolites  are  perfectly  preserved  in  the  black  Utica 
shale  and  the  trilobite  Triarthrus  hecki  is  found,  with  even  its  delicate 
appendages  intact.  Here  we  have  an  organism  similar  in  its  general 
structure  to  the  Eurypterids  and  protected  by  an  exoskeleton  identical 
chemically  with  that  of  the  Eurypterids,  both  being  of  chitin.  Why,  then, 
we  may  ask,  if  these  marine  forms  are  so  perfectly  preserved,  should  only 
a  single  appendage  of  a  Eurypterid  be  found  ?  If  this  form  were  flourish- 
ing in  marine  waters,  why  are  its  remains  not  found  under  these  ideal 
conditions  for  preservation?    The  same  argtmient  would  apply  to  frag- 
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ments'  from  the  Richmond  beds  of  Ohio.  This  can  not,  however,  be  said 
with  reference  to  the  Schenectady  and  Nurman^kill  shales,  except  that 
whole  individuals  arc  wanting,  and  that,  though  better  preserve;!  in  the 
black  shales,  they  are  not  so  common  as  in  the  sandy  beds.  These  occur- 
rences, if  any,  may  be  considered  as  pointing  to  a  marine  habitat  of  the 
Ordovicie  Eurypterida,  but  even  here  the  evidence  is  extremely  unsatis- 
factory. 

Ijower  Silnric  or  Niagaraii. — lu  the  undoubted  Ijower  Silurie  are  sev- 
eral cases  of  the  presence  of  Eurypterid  remains  in  marine  formations. 
Hall's  species  of  Euryptenm  prominens,  from  the  Clinton  of  Cayuga 
County,  New  York,  was  described  from  a  single  <«phalon,  but  Whiteaves' 
E.  (Tyhpierus)  bot/lei,  from  the  Guclph  dolomites  of  Ontario,  is  a  spe- 
cies founded  on  a  single  somewhat  crushed,  but  otherwise  nearly  complete, 
individual.  An  unidentified  species  of  Eurypterus  is  recorded  from  the 
Arisaig  of  Nova  Scotia.  These  occurrences  are  in  formations  containing 
good  marine  faunas,  but  the  Eurypterid  is  represented  either  by  a  single 
fragment  or,  in  the  case  of  the  Guelph  beds,  by  a  single,  though  nearly 
perfect,  specimen.  One  of  the  most  striking  occurrences  of  eurypterida 
in  beds  referred  to  the  Lower  Silurie  (Xiagaran)  is  that  in  the  Kokomo 
water-limes  of  Indiana.  This  has  been  erroneously  referred  to  the  hori- 
zon of  the  Lockport  dolomite  of  New  York,  whereas  it  is  probably  of 
Lower  Monroan  age,  and  from  it  four  s(>ecic8  are  rworded,  namely : 

1.  Euryptenm  ranilarva  Clarke  and  Ruedemann. 

2.  E.  (Ongthoptents)  k-oiroHioensis  Miller  and  Gurley. 

3.  Evwrcus  newlini  (Claypole). 

4.  Drepanopterus  hngicaudatus  CI.  and  R. 

The  number  of  specimens  known  of  each  of  these  species  is  (vmpara- 
tively  small,  but  they  are  remarkable  in  showing  for  the  most  part  the 
entire  individual,  though  the  specimens  are  rarely  perfect.  From  their 
apparently  macerated  character  and  general  preservation  it  appears  that 
we  deal  with  exoskeletons  only,  and  that  these  bodies  did  not  live  where 
found,  but  were  transported,  tiiough  not  necessarily  from  a  distance. 

The  dolomitic  water-limes  of  Kokomo,  Indiana,  are  highly  bituminous 
and  some  of  the  beds  carry  a  rich  brachiopod  fauna,  such  as  Conchidinni 
colleti  and  Wilsonia  i-ol'omoen.ii)'.^''^  So  far  as  known,  the  Eurypteri<ls 
are  restricted  to  two  very  definite  horizons,  while  the  marine  fi>ssils  occur 
in  the  underlying,  dividing,  and  overlying  beds,  but  not  in  immediate 
association  with  the  Eurypterids.  With  reference  to  the  state  of  preser- 
vation of  the  Eurypterids,  especially  of  Ejimrcii.t  {Eun/mtna  newUni) 

1"  Clarkp  and  RuedcmnDD,  loc.  ctl,  p.  99. 
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(Clajpole)  in  the  Kokomo  betU,  Professor  ClayjJole  says:  "The  condi- 
tion of  the  foHsils  predudes  very  minute  detaila.  They  are  for  the  most 
part  merely  blaelc  impressions  on  the  surface  of  the  gray  limestone.  In 
some  eases  a  thin  scalt*  can  be  seen,  but  it  exliibits  no  structure.  .  ,  . 
The  general  outline  is,  however,  remarkably  sharp  and  distinct,"  "" 

A  recent  discovery  of  considerable  interest  in  the  Lower  Siluric  rocks 
of  Penniiylvania  is  that  by  Profescor  Van  Ingen,  of  Princeton  Univeraity,  ■ 
of  Euryptcrid  remains  in  what  appears  to  be  the  Tuscarora  and  associ- 
ate<l  beds  of  Swatara  Gap,  Lebanon  County,  Pennsylvania.'"  In  the 
beds  carrying  Artkrophycii»  karlani  (  ?)  he  found : 

1.  Eurypteras  maria.     I^arge  and  small  carapaces. 

2.  Dolichoplerus  cf.  otixxus.     Medium-sized  carapace. 

3.  Stylonurus  myops.    Ijarge  and  small  carapaces. 

4.  HughmiUeria  shawangvnlc.     Large  carapace. 

5.  Pterygotus  cf.  globicepx.     Small  carapace, 

6.  Swimming  leg  of  a  Pterygotus  or  HughmiUeria. ' 

Another  bed,  labeled  1S2  B  23,  has  afforded  a  carapace  not  distinguish- 
able from  Enryplerus  maria.  In  a  bed  said  to  occur  between  a  horizon 
containing  what  is  apparently  a  Clinton  fauna  (B  8  x)  and  one  contain- 
ing a  Rochester  (or  Lockport)  fauna  (B  19  x),  and  numbered  B  16  h,  he 
found  the  following  remains: 

1.  Small  carapaces,  belonging  to  sitecies  closely  related  to  or  identii-al 
with  Eurgplerm  maria,  HughmiUeria  skawangunle,  and  Ptfnjgolm 
gJohiceps. 

2.  A  patch  of  integument,  with  finely  preserved  sculpture,  identical 
with  that  ascribed  to  Htylonurus  sp,  o. 

3.  Styhnurus  myops.    Fragmentary,  inedium-sizc<l  carapace. 

4.  Coxa,  probably  belonging  to  HughmiUeria, 

5.  Small  teison  of  an  Errctopterus. 

The  earliest  European  Eurypterid  remains  are  found  in  the  Llandovery 
(Ijower  Siluric)  of  Eastnor  Park,  England,  Fragments  of  Pterygotus 
probtematiciis  Salter  have  been  found  in  the  May  Hill  sandstone,  or 
Upper  Llandovery,  a  basal  sandstone  resting  by  overlap  on  various  earlier 
formations,  even  on  the  Shineton  (I)ictyonema)  shales  at  Wenlock  Edge. 
There  is  everywhere  a  marked  break  and  unconformity  between  the 
underlying  beds  and  the  May  Hill  sandstone,  indicating  that  the  latter 
was  the  first  formation  of  an  advancing  sea  and  may  have  been  a  terres- 
trial deposit  reworked.     Therefore  the  fragments  of  Pterygotus  found 

I,  pp.  418-4111. 
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might  just  as  well  be  considered  to  be  remains  of  aiiimals  caught  in  the 
streams  by  the  incomiog  ocean  as  the  remains  of  marine  forms.  The 
former  supposition  seems  the  more  likely,  since  the  Enrypterids  are  not 
found  in  the  overlying  undoubted  marine  shales  and  limestones  of  Middle 
Siluric  or  Wenlock  age,  though  they  occur  in  this  hori7X)n  farther  to  the 
north,  where  it  has  lost  its  typical  marine  character. 

In  early  Siluric  time  six  species  of  Pterygotus  have  been  listed  hy  Bar- 
rande  from  beds  of  Niagaran  or  Wenlock  age  (Ee,,  Ecj)  of  Bohemia,  and 
recently  Semper  has  dcscribetl  three  more  species  and  one  of  Euryptenui 
from  the  same  horizons.  The  remains  are  extremely  rare  and  iricum- 
plete,  but  the  formations  they  are  found  in  are  in  part  at  least  undoubl- 
ediy  marine.  Pormtaion  Ke,  is  a  black  graptolite- bearing  shale,  but  thes*' 
graptolites  are  found  only  in  certain  zones.  Ee,  contains  numerous 
cephalopods,  gastropods,  trilobites,  and  corals,  and  represents  in  part  old 
coral  reefs  simitar  to  those  in  Gotland,  to  be  discussed  below.  This  only 
serves  as  another  illustration  of  the  imperfect  condition  in  which  Eu- 
rypterids  appear  when  by  any  chance  they  are  found  in  a  marine  fomia- 
tion. 

So  far  as  known,  the  Wenlock  of  the  Pentland  Hills,  Scotland,  carriw 
the  iirst  large  Eurypterid  fauna  of  Europe.  Sixteen  species  have  been 
described  representing  six  genera — Eurypterus,  Pterygotus,  Stylonurus, 
Drepanopterus,  Slimonia,  and  Benibycosoma.  All  of  the  specimens  found 
are  in  a  very  fragmentary  condition,  no  jwrfect  individuals  having  be<'U 
recorded.  The  lithological  character  of  the  Wenlock  of  this  section  indi- 
cates that  in  all  probability  tlie  formation  had  a  delta  origin.  The  Wen- 
lock is  a  yellowish  sandstone  and  conglomerate,  showing  cross-bedding 
and  in  some  places  ripple-marks,  and  alternating  with  thin  shale  beds. 
This  alternation  is  readily  explained  in  a  delta  deposit,  the  shale  being 
subaqueous,  the  conglomerate  and  sandstone  subaerial  or  neariy  so.  If 
the  Eurypterids  were  marine,  they  should  surely  be  found  in  the  purely 
marine  equivalents  of  these  beds,  the  Wenlock  limestones  of  England,  as 
was  also  pointe<l  out  in  connection  with  the  May  Hill  sandstone,  but  no 
trace  of  them  has  been  reported.  The  evidence  would  seem  to  show  thai 
the  Eurypterids,  or  perhaps  their  molted  exoskeletons,  were  brought  down 
by  the  streams  flowing  from  the  land  area  of  northern  Scotland  into  the 
sea  covering  England  and  southern  Scotland,  the  tests  being  broken  and 
deposited  with  the  sands  and  conglomerates  in  the  delta  beds. 

Middle  Siluric  or  Salinan. — In  the  Middle  Siluric  of  North  America 
are  several  interesting  occurrences  of  Eurypterids  and  the  first  appear- 
ance of  well  preserved  individuals.    In  the  Kcefer  sandstone  at  the  base 
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of  the  Salina  fonnation  specifically  indeterminable  fragments  of  Hugh- 
milleria  and  carapaoes  of  Doliehopterus  (cf.  B.  otitius)  or  Pterygotus 
have  been  found  along  the  Pennsylvania -Mary  land  border.'"*  But  of  far 
more  interest  and  importance  are  the  faunas  of  the  Pittsford  and  Sha- 
wangunk  shales  of  New  York  and  Pennsylvania.  At  Pittsford,  Monroe 
County,  five  species  of  Eurypterids  have  been  found:  Eurypterus  pilts- 
forden.'iis  Sarle,  Hugkmilleria  socialis  Sarle,  H.  soctalis  var.  robuata 
Sarle,  Pterygolun  monroensis  Sarle,  and  ^StytonttruK  (Cteno/iieruH)  tnul- 
tisinnosus  CI.  and  K.  This  fauna  is  represented  by  numerous  individuals, 
many  of  them  well  preserved,  and  by  many  fragments,  but  typical  ma- 
rine fossils  arc  absent  from  the  shales,  although  other  Crustacea,  such  as 
Eiiimelezoe  decora  and  Pseudonixtu^  rooKf.velH,  occur.  The  Eurypterlds 
are  here  preserved  in  a  remarkable  state  of  perfection.  The  fauna  is 
found  in  two  layers  of  the  black  shales,  and  the  Eurypterids  are  in  such 
abundance  that  some  layers  are  "literally  packed"  with  the  remains. 
Marine  fossils  occur,  however,  in  intercalated  dolomites.  In  a  loose  block 
belonging  to  betls  regarded  as  representing  the  Pittsford  horizon,  3  miles 
south  of  Clinton,  New  York,  several  specimens  of  Eusarius  vaningeni 
CI,  and  R.  were  found.  "The  block  is  also  full  of  Lingulas  and  Orbicu- 
loideas.  .  .  ."  Clarke  and  Ruedemann  think  that  this  may  be  the 
adult  of  Eitsarcus  ciceropn  of  the  Shawangiink,  From  the  shale  beds  in 
the  Shawangiink  conglomerate  at  Otisville,  Orange  County,  New  York,  a 
large  fauna  of  Eurypterids  has  been  obtiiined,  but  other  fossils  except 
Ceratiocarids  are  absent.  The  [jerfect  specimens  are  all  of  young  indi- 
viduals, some  being  2.5  millimeters  long,  but  large  individuals  are  repre- 
sented only  by  fragments.     The  species  recorded  are : 

1.  Euryptems  maria  Clarke. 

2.  Eiisarnis  ?  cicerops  CI. 

3.  Doliehopterus  otiniiM  Clarke. 

4.  D.  stylonuroides  CI.  and  R. 

5.  Stylonurus  {Clenoplerus)  cestrolus  CI. 

6.  S.  (Ctenoptems)  sp.  a,  sp.  p,  sp.  y, 

7.  S.  myops  CI. 

8.  .*;.  sp. 

9.  H ugh milleria.  sliawan gunk  CI, 

10.  Pterygofus  glohiceps  CI.  and  R. 

The  Eurypterids  occur  in  thin  bands  of  black  shale  intercalated  be- 
tween the  grit  layers,  which  bear  no  traces  of  the  fossils.  "ttTiile  the 
Euryptems  faunas  of     .     .     .     Pittsford  consist  almost  entirely  of  ma- 

>"  PnwpaiT-Haiicwk  F'ollu,  II.  S.  0«ol.  8iirv«jr  Atlu. 
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tare  and  adolescent  individuals,  the  younger  growth  stages  prevail  in  the 
Shawangunk  grit  shales  and  large  individuals  are  represented  only  by 
fragments,  which  indicate  that  they  may  have  been  destroyed  by  the  more 
turbulent  water  conditions."  ""' 

In  the  middle  portion  of  the  Shawangunk  conglomerate  of  the  Dela- 
ware Water  Gap  sections  similar  black  ahalow  have  furnished  Burypteridi!. 
These  were  discovered  by  Mr.  Paul  BiJIingsley,  of  Columbia  University, 
who  collected  a  large  amount  of  material.  Prof.  Gilbert  Van  Ingen  and 
Mr.  J.  C.  Martin  also  obtained  material  from  this  horizon^  from  whifh 
Clarke  and  Ruedemann  were  enabled  to  reirognine  numbers  1,  3,  7,  Si.  hik! 
10  of  the  list  of  species  found  in  the  Shawangunk  of  Otisville.  Mr.  Bil- 
lingsley  reports""  that  the  fragments  are  all  dissociated,  the  carapares 
commonly  occurring  by  themselves  and  dissociated  from  the  abdominal 
segments,  as  if  rearranged  by  violent  currents. 

Upper  Siluric  or  Monroau. — The  Upper  Silurtc,  both  in  this  eouiitn' 
and  in  Europe,  shows  the  best  and  most  typical  development  of  the 
Eurypterids,  In  the  Lower  Monroan  (Put-in-Bay  dolomite),  a  marine 
formation,  occurs  one  species,  Eurypterus  eriensis  Whitfield  (=E.  mi- 
crophthalmus  Hall,  according  to  Clarke  and  Ruedemann),  but  there  arf 
only  a  few  dissociated  carapaces  and  one  abdomen.  Associated  with  these 
in  the  same  bed  are  small  brachiopods  (Spirifer,  etcetera).  The  Bertie 
water-lime  of  Upper  Monroan  age  contains  the  largest  numlwr  of  species 
of  any  one  formation  in  the  world,  namely,  thirteen""  species,  referred  to 
the  five  genera:  Kurypterus  (5  species),  Pterygotiis  (4  spei'ies),  Eusar- 
cus  (I  species),  and  Dolichopterus  {'.i  species).  The  specimens  are  for 
the  most  part  wonderfully  well  preserved,  but  other  organisms  are  es- 
tremely  rare.  In  the  Museum  of  the  Buffalo  Society  of  Natural  Sciences 
occur  a  few  specimens  of  marine  organisms  obtained  from  the  formaticm 
which  haa  furnished  the  Eurypterids.  Those  are  two  specimens  of  a  lonp, 
slender  Orthoceras  (0.  urtdii latum),  but  the  fossils  are  crushed,  macer- 
ated, and  more  or  less  worn,  and  they  were  apparently  brought  into  tiie 
Bertie  deposits  from  outside  marine  waters.  The  whole  aspect  of  the 
fossils  shows  that  the  animals  did  not  live  where  the  remains  are  fouml. 
Associated 'with  these  are  a  number  (six)  of  well  preserved  shells,  wliicli 
have  been  described  as  TUxrina  grandix.  These,  however,  belong  to  the 
genus  Horeynella,  a  pulmonate  gastropod  which  may  as  readily  l)e  re- 
ferred to  fresh  as  salt  water.    On  a  large  number  of  the  slabs  containinfr 

"•Clarke  and  RiiwJemanD,  loc.  dt.,   p.  lOB, 
"* ManuHcrLpt  deponlled  In  rotiimbia  I'nivorslly. 

'°'Tli(>  orJ)[lDal   onmlier  denorlbrd    wan   2^,   but    man;   ot   thpae   have   bmi   sboirii  )i; 
I  be  HyboDymv  ot  other  speclefi. 
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Eurypterid  remains  there  occurs  an  abundance  of  plants,  referred  to  By- 
throirephis  lesquereuxi.  The  habitat  of  this  plant  is  unknown,  but  if 
marine  it  certainly  did  not  exist  in  deep  water,  but  was  most  probably 
similar  in  habitat  to  the  eel-grass  of  the  modern  shore.  The  phyllocarid, 
Ceratiocaris  acuminata,  in  of  fairly  common  occurrence,  and  at  Water- 
ville.  New  York,  a  small  scorpion,  Proacorpitis  osborni  Whitfield,  prob- 
ably a  terrestrial  form,  has  been  found  perfectly  preserved.  A  remark- 
able fact"*'  in  connection  with  the  occurrence  of  the  Eurypterids  in  the 
Bertie  water-lime  is  their  distribution  in  two  distinct  basins  or  pools,  the 
"Herkimer  pool"  on  the  east  and  the  "Buffalo  pool"  on'the  west.  These 
"pools,"  while  prolific  in  species  and  individuals,  have,  however,  only  two 
species  in  common,  so  far  as  published  data  show.  Further  search  may 
reveal  more  common  forms,  but  it  is  certainly  a  significant  fact  that  the 
common  species  of  the  two  areas  are  distinct,  when  the  horizon  is  the 
same  and  the  localities  only  a  few  hundred  miles  distant.  The  following 
lists  give  the  species  for  each  pool,'"*  representative  or  identical  species 
being  apposed : 

Herkimer  pool.  RulTsEo  ixHit, 

1.     Bui-ypterug  remipeg. 1.  Eary]>teru»  lacMtria 

2.  E.  lacu»trin  var.  pachychirag 

3.  E,  puttulo'iit 

4.  Buearcus  ariirpioni» 

S,     DoUchopteTU»  macmchirut 5.     lioHchnpienin  ntarrnrhhun 

Oo.  D.  siluricepa 
Cb.  D.  (7)  te«ludineu» 

7.  Ptervf/otu»  macrophthalmus 7.    Pttrvgotus  buifaloeiitix 

8.  P.  cobM 8.    P.  oobbi 

9.    P.  grandU 
10.     Proacorpitu  osbonU 

"The  species  common  to  both  are  Dolichopterus  macrochxrus  and 
Pterggotus  cobbi,  both  of  which  are  quite  rare,  while  the  predominant 
ppeciefl  in  both  places  are  unlike.  It  is  not  believed  that  these  differences 
necessarily  express  distinct  stratigraphic  horizons,  as  both  lie  near  the 
top  of  the  water-lime  succession,  but  rather  indicate  original  regional 
separation  into  distinct  lagoons  or  pools  .  .  .  which  we  may  assume  to 
have  been  synchronous.  There  is,  in  the  face  of  the  difference  suggested, 
8  certain  degree  of  approximation  in  the  two,  expressed  by  such  vicarious 
species  as  E.  remtpes  and  lacuslris,  P.  macrophthalmus  and  buffaloenm, 
which  may  well  mean  distinctions  due  to  geographic  isolation.     The 

"  Clirke  and  Ruedemann,  loc.  tit.,  p.  92,  foot-note. 
wiUdem. 
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Herkimer  pool  is  well  restricted  and  its  faunule  can  not  be  trace<1  ten 
far  toward  the  west;  the  Bu^alo  E.  lacunlrit!,  however,  appears  alone  a.' 
far  east  as  Union  Springs,  Cayuga  County,  and  as  far  west  as  Bertie, 
Ontario.  Another  dilTerence  in  these  fannas  is  the  preponderating  great 
size  of  all  the  species  in  the  Buffalo  pool  and,  by  contrast,  the  small  size 
of  and  abundant  young  among  the  Herkimer  C'ounty  species.  .  .  . 
That  the  smaller  creatures  lived  in  conditions  of  shallower  water  is 
evinced  by  the  sun-dried  and  cracked  rock  surfaces  of  their  matrix,  whik 
such  evidences  are  wanting  in  the  Buffalo  pool."""  .  .  .  Another  strik- 
ing fact  is  the  total  absence  of  Eurypterids  from  the  Rosendale  cement 
rock,  which  is  essentially  the  same  type  of  rock  and  of  the  same  age  a.' 
the  Bertie,  lying,  as  does  the  Bertie  water-lime,  just  below  the  ("oblefkill. 
The  Rosendale,  however,  occasionally  contains  marine  orgaiiisniB  and  k 
immediately  preceded  as  well  as  succeeded  by  fossiliferous  marine  lime- 
atones.  EuryptertK  remipes,  the  common  form  of  the  Bertie  water-lime 
in  the  Herkimer  pool,  just  below  the  Cobleskill,  has  also  been  obtain)^ 
from  the  Rondont  water-lime  above  the  Cobleskill  at  Seneca  Falls,  Senet.'a 
County,  New  York.  This  clearly  shows  that  the  Cobleskill  marks  only  a 
temporary  marine  invasion  between  two  periods  during  which  watcr- 
limes  were  forming  and  dnring  which  the  same  species  of  Eurypterids 
were  preserved  in  these  water-limes.  From  a  horizon  believed  to  be  nenr 
the  Bertie  at  Selins  Grove  Junction,  Pennsylvania,  some  fragments  nf 
Eurypterus  like  E.  remipes  have  been  obtained,  and  from  a  lower  horizrin, 
probably  in  the  Lower  Monroe  (upper  part  of  the  McKenzie  formation) 
near  Hancock,  Marj'land,  fragments  suggesting  a  Ptcrygotus  have  i>een 
reported. 

In  the  highest  Silnric  horizon  of  North  America,  the  Manlius  lime- 
stone of  New  York,  a  single  species  of  Eurypterus,  E.  mtcrophthalmw 
Hall,  has  been  found.  The  type,  a  separate  carapace,  was  obtained  from 
a  boulder  near  Cazenovia,  Madison  County,  New  York.  A  nearly  perfect 
specimen  was  obtained  from  a  drift  boulder  near  Syracuse,  New  York. 
also  referred  to  the  Manlius.  Several  carapaces  were  obtained  from  the 
Manlius  in  situ  near  Litchfield,  Cranes  Comer,  Herkimer  Connty,  anil  at 
Manlius  village.  "From  this  it  appears  that  there  is  a  continuous  water- 
lime  bed  near  the  top  of  the  Manlius  formation  extending  from  Onon- 
daga County  to  Albany  County  and  the  species  seems  to  be  confined  to 
this  layer."  "' 

The  Ludlow  or  Upper  Siluric  of  England  and  Scotland  shows  a  gond 
representation  of  Eurypterids,  there  being  altogether  4  genera  and  21 
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speciea.  The  remains  are  dcacribed  ehiefly  under  the  genera  .Eurypterua 
and  Pterygotus,  there  being,  however,  an  abundance  of  perfect  specimenB 
of  Slimonia  acuminata  Salter  from  Lanarkshire  and  one  poor  specimen 
of  Stylonurus  logani  Woodward,  with  some  doubtfully  determined  frag- 
ments of  S.  poa'riei  Woodward.  There  are  twelve  species  of  Eurypterus 
found  mainly  in  the  upper  beds  of  the  Downton  sandstone  and  occurring 
in  some  eases  also  in  the  Passage  beds  to  the  Lower  Old  Hed  sandstone. 
The  remains  are  fairiy  numerons,  but  nearly  always  imperfect,  there 
Iwing  sometimes  one  almost  perfect  representative  of  a  species  and  then 
a  great  many  small  broken,  pieces.  Some  of  these  are  closely  similar  to 
American  species  belonging  to  the  genera  Eusareus  and  Hughmilleria 
(Clarke  and  Ruedemann,  page  94),  These  Upper  Ludlow  sandstone  and 
grit  beds,  with  the  Bone  bed  forming  the  top  and  followed  by  the  Jjcd- 
bury  shales,  the  Downton  sandatone,  and  the  Tilestones,  have  been  inter- 
prete<l  by  Geikie  as  a  series  of  formations  indicating  a  change  from  ma- 
rine to  land  conditions.  Eleven  species  of  Pterygotus  have  been  found 
in. various  members  of  the  Ludlow  group,  mainly  in  the  upper  part.  Be- 
tween the  Downton  Castle  sandstone  and  the  underlying  beds  is  a  grayish 
layer,  sometimes  black  with  vegetable  remains,  and  this  contains  Ptery- 
gotus, fresh-water  fish  remains — forerunners  of  the  Old  Red  fishes — and 
numerous  Crustacea.  The  species  of  Pterygotus  are  in  a  very  much  better 
state  of  preservation  than  are  those  of  any  of  the  other  genera  found  in 
these  beds.  That  so  many  species  of  Pterygotus,  including  many  well 
preserved  individuals  and  an  even  larger  number  of  fragments,  should  be 
found  in  this  layer,  which  is  often  black  with  vegetal  remains  and  con- 
tains, besides,  fresh-water  fish,  is  indeed  significant.  The  species  Ptery- 
gotus groblematicus  Salter,  already  mentioned  as  occurring  in  the  May 
Hill  sandstone,  is  also  reported  from  the  Upper  Ludlow  rock  of  Ludlow, 
England,  from  the  Ludlow  Bone  bed  at  Ludlow,  the  Downton  sandstone 
at  Kington,  and  the  Base  of  the  Old  Red  at  Ludlow,  but  it  is  probable 
that  this  species,  repreaented  only  by  fragments,  has  not  such  a  wide 
range,  the  identification  of  the  fragments  being  incorrect.  Geikie  notes 
that  "vegetable  remains,  some  of  which  seem  to  he  fueoids,  but  most  of 
which  are  probably  terrestrial  and  lycopodiaeeous,  abound  in  the  Down- 
ton  sandstone  and  Passage  beds  into  the  Old  Red  sandstone.  The  Euryp- 
terid  genera  still  continue  to  occur,  together  with  phyllocarids  (Ceratio- 
caris)  and  vast  numbers  of  the  Ostracod  Beyrichia  (B.  l-Jmdeni) .  Prev- 
alent shells  are  lAngula  cornea  and  Piatyschixma  helicites.  The  Ludlow 
fishes  are  also  met  with.""*    Geikie,  furthermore,  considers  the  occur- 

l»  Text-book  of  GeolDBT.  4th  edition,  n.  Ml. 
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rence  of  Eurypterids  and  fresh-water  fish  ae  an  indication  of  the  chan^ 
from  marine  to  non-marine  c-onditions. 

The  Baltic  provinces  of  Kussia  and  Scandinavia  have  become  famous 
for  their  Siluric  sections,  particularly  the  ones  exposed  on  the  islands  of 
Oesel  and  (Jotlnnd.  Considering  Oesel  first,  two  species  of  Eurypterus 
have  been  reported,  E.  laticeps  Schniidt,  from  two  fairly  perfect  heail 
shields,  and  E.  fiarlieri  Kichwald,  from  many  excellent  individuals.  The 
latter  is  a  very  close  relative  of  the  American  E.  remipes.  There  is  aim 
an  abundance  of  fragments  of  Plerygoius  osUiensis.  The  bed  in  which 
these  occur  is  a  fine  water-lime,  very  much  like  the  Bertie,  with  un- 
doubted marine  beds  above  and  below  it,  ijut  the  bed  itself  contains  only 
the  Eurypterida  just  mentioned,  in  association  with  a  large  number  of 
scorpions,  which  were  probably  land  animals,  and  certain  merostomes, 
classified  by  Woodward  ae  Burypterids,  but  now  included  under  the 
Synxiphosura  by  Zittel  and  others.  Such  forms  are :  Pseudoniscus  aculfo- 
lus,  one  good  specimen  at  least ;  Hunodeg  lunula.  B.  srhrencHi,  and  B. 
rvgosua,  including  some  fragments  and  a  few  well  preserved  individuals, 
and  Hxapinurux  sckrenckii.  In  (lotland  similar  conditions  are  seen  to 
prevail.  Although  the  sections  in  the  northern  and  southern  parts  of  the 
island  have  been  studied  separately  and  correlations  are  not  as  yet  com- 
plete, still  one  important  fact  has  stood  out  for  the  whole  island:  tliei^ 
is  everywhere  a  great  break  between  the  Trf)wer  and  Midrlle  Gntlandian 
(Siluric).  That  there  was  at  this  time  a  retreat  of  the  sea  and  a  subse- 
quent advance  has  been  indicated  in  many  places.  In  the  north  around 
Visby  a  detailed  section  has  been  worked  out  by  Hedstrom,  The  upper 
meter  of  his  division  III  of  the  Ootlandian  consists  of  marl  shales  and 
limestones,  with  Pterygottis  osUiensis  and  Palieophonus  nuttcius  ThorelJ 
and  Lindstriim  as  the  characteristic  fossils.  Lindstrom  has  called  this 
■  the  Pterygotua  marl,  and  it  is  seen  to  lie  just  at  the  top  of  bed  Hi. 
Then  follows  a  break  and  above  the  disconformity  is  bed  1 V,  a  conglom- 
erate with  water-worn  gastropoda  and  portions  of  Bpongiastroma  holmi 
Rothpletz.  The  Eurypterid  beds  here  occupy  lagoon  areas  between  coml 
reefs  of  early  Siluric  age,  and  thus  the  association  of  Ptorygotus  and 
scorpions  with  marine  forms  may  well  be  acc-ounted  for,  since  the  sea 
would  have  occasional  access  to  the  lagoons.  Munthe  has  described  a 
similar  break  in  southern  Gotland  between  the  Burgsvik  sandstone 
(Lower  Ludlow  age)  and  the  overlying  oolite  (of  Aymestry  age).  The 
sandstone  shows  cross-bedding  of  the  eolian  type  and  is  followed  by  the 
oolite,  which  is  at  most  one  meter  thick,  grading  off  into  nothing  in 
places  and  which  rests  with  a  disconformity  on  the  sandstone.     Holm 
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statee  that  the  conditions  above  the  oolite  were  those  of  dry  land.  In  the 
southeast  of  Uotland,  at  the  Lau  Canal,  the  oolite  is  represented  by  a 
Pterygotua-bearing  raarl.  Thus  in  Oesel  and  Gotland  the  Eurypterid 
beds  are  nowhere  typically  marine,  but  always  of  a  peculiar  nature,  either 
lagoon  or  else  along  lines  of  break  marking  a  ehange  of  conditions  from 
marine  to  non-inarine  or  vice  veraa.  Moreover,  the  Kurypterids  are  al- 
ways found  associated  with  scorpions.  In  Galicia  and  Podolia  e.vtenBions 
of  the  Oeael  zone  occur,  with  a  few  remains  of  the  Euryptorids.  A  single 
fragment  of  Pterygotus  has  been  reported  from  the  Upper  Siluric  of 
Austral  io. 

Devonic. — ^With  the  Devonic  throughout  the  world  cornea  a  sudden 
drop  in  the  number  of  remains  found.  There  are  95  species  in  the  Si- 
luric, as  compared  with  17  in  the  Devonic.  There  is  no  doubt  that  the 
Old  Bed  sandstone  of  Great  Britain  is  non-marine,  even  though  in  Russia 
and  north  Germany  it  grades  into  marine  beds.  In  the  lower  part  of  the 
Old  Bed  are  found  eight  species  of  Eiirypterids,  all  associated  v.ith  fresh- 
water fish  and  plant  remains.  With  the  exception  of  the  three  Ptery- 
gotus species,  there  are  only  fragments  found,  Pterygotus  angltcws  forma 
a  notable  exception,  for  there  are  numerous  well  preserved  specimens  of 
this  species,  which  ranges  in  length  up  to  5  or  6  feet  and  is  always  asso- 
ciated with  the  Old  Red  fishes.  A  few  fragments  of  Euryptems  hibemi- 
fiw  Baily  have  been  reported  from  Ireland  in  the  Upper  Old  Red  asso- 
ciated with  land  plants  (Archwopteris,  Sphenopleris,  etcetera),  fishes,  and 
a  fluviatile  or  lacustrine  mollusk,  Amnigenia  jukexti.  In  the  Upper  De- 
vonic sandstones  of  Condroz,  Belgium,  Euryptems  lohesti  Dewalque  and 
E.  ?  dewalqvei  Fraipont  are  found  associated  with  animals  and  land- 
plant  remains. 

In  North  America  the  pure  marine  sediments  of  Devonic  age,  deposited 
in  the  very  places  where  in  Bertie  time  the  water-lime  wa.i  de|x)sited,  do 
not  carry  a  single  Eurypterid,  while  in  the  Siluric  there  had  been  an 
ever  increaeiag  number  of  species  and  of  individuals,  giving  a  total  of  3G 
species  for  the  whole  period.  In  the  Devonic,  on  the  other  hand,  there 
are  few  representatives  in  the  I^ower  and  Middle  Devonic  of  the  interior 
region,  and  it  is  not  until  the  top  of  the  Upper  Devonic  that  these  re- 
mains are  found  again  in  numljers.  The  American  representatives  of 
the  Lower  "Old  Red,"  the  Gaape  sandstone  and  related  formations  of 
Campbellton  and  Dalhousie,  Xew  Brunswick,  have  furnished  fragmentary 
specimens  of  Pterygotus  and  other  types.  A  fragment  of  Pterygotus  has 
been  obtained  from  the  Grande  Gr^ve  limestone  of  the  Lower  Devonic  of 
Gasp^.  Fragmenta  of  P.  atlanticvs  CI.  and  B.  occur  in  the  higher  De- 
ZXXT— Bull.  Gml.  Boc.  Ah..  Vok  84, 1013 
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vonic  beds  of  Campbellton,  New  Brunswick.  Other  fragments  have  been 
reported  from  the  Knoydart  formation  of  Arisaic,  Xova  Scotia,  where 
they  are  associated  with  remains  of  Pteraspia  and  Cephalaspis.  Thu 
horizon  may  be  of  I'pper  Sihiric  age.  The  Portage  sandstone  of  Yalft" 
County,  Xew  York,  has  furnished  a  specimen  of  Stytonttms  (?)  irnght- 
ianim  (Dawson).  A  numl>er  of  fragments  of  Stylonurus,  originally 
describt-d  as  Klylonurwt  excehtorhy  Hall  and  which  Beecher  used  in  mak- 
ing the  restoration,  which  he  called  Stylonurus  lacoanu*.  have  all  been 
united  by  Clarke  and  Kuedemann  under  the  species  Sti/lonurvs  {Cienop- 
terus)  excelsior.  There  are  only  two  specimens,  one  a  complete  carapace 
from  the  Calskill  beds  at  Andes,  Delaware  County,  Xew  York,  and  an- 
other more  fragmentary  carapace  from  the  same  formation  in  Pennsyl- 
vania. Ettryjilerut  beerhen  Hall,  described  from  the  Chemung  of  Penn- 
sylvania, has  proved  to  be  the  same  as  Slyionurux  beecheii.  George  F. 
Slatthew  haA  descrilicd  ennie  very  doubtful  fragments  as  Eurypitrdta 
ornala  from  the  plant  bed  numl>er  3  of  the  Little  Biver  group  in  the 
Dcvoiiic  (probably  Carbonic)  of  Xew  Brunswick,  but  Clarke  and  Ruede- 
niann  have  been  unable  to  identify  the  material.  Aiide  from  the  8[)wies 
of  fhb  Little  Kivcr  group,  there  are  only  four  identifiable  species  knovn 
from  the  Devonic  of  North  America. 

Post- Devon  if. — The  only  Kurypterids  from  the  Uississippic  are  tour 
species  of  Kuryi»terus  from  Great  Britain  and  one  from  the  Waverly  of 
Pennsylvania.  E.  scouleri  Hibbert  was  described  from  Kirkton,  ffwi 
!/>thian,  where  it  occurs  associated  with  fishes,  stems,  leaves,  fruits  nf 
I^pidodendron,  calamites,  and  other  plants.  The  beds,  too,  are  rich  in 
Entomoetraca,  and  particularly  in  the  fern  Sphenopteria  affinig.  Wood- 
ward, speaking  of  this  formation,  says  that  it  is  "a  fresb-water  deposit, 
and  abounds  in  bands  of  silex,  alternating  with  calcareous  matter,  and 
presents  all  the  appearance  of  having  been  deposited  by  thermal  waters 
during  the  Carboniferous  epoch."  From  Eskdele,  Scotland,  one  well 
preeened,  but  doubtfully  identified  species,  Eurypterua  srabrosus  Wood- 
man, has  Ikh.'!!  n'iK>rtcd.  Peach  describes  two  species,  Glypto^corpiii^ 
peromiUv-n  and  0.  raiedonkua  Salter  (originally  descril)ed  by  that  aothor 
as  CycatUten  caledonicits,  a  plant  fragment),  from  the  Calciferous  sand- 
stone series  near  Cockburnspath,  on  the  Scottish  border,  a  formation 
equivalent  to  the  Xorth  American  Mississippic.  The  American  species. 
Eurgptenis  approjiiiiatus  Hall  and  Clarke,  comes  from  Devono-Missis- 
sippic  transition  beds,  if  not  actually  from  the  Chemung. 

With  the  Carlionic  we  approach  the  extinction  of  the  Eurypteridii. 
Five  species  from  North  America  and  seven  from  Great  Britain  and 
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Germany  are  known.  Four  apeeies  of  Eurypterus  are  found  in  the  Coal 
Measures  of  Pennsylvania ;  one,  represented  by  fragments,  in  Nova  Scotia, 
and  E.  (Antkraconectes)  mazonensis  in  fragmentary  condition  in  the 
Coal  Measures  of  Mazon  Creek,  Illinois.  Particular  attention  aliould  be 
called  to  the  occurrence  of  Buryplems  mansfieldi,  which  Hall  lias  fig- 
ured,"' showing  the  specimen  just  as  it  was  found  lying  on  ferns  in  a 
very  perfect  state  of  preservation.  In  fact  l«>th  the  Eurypterus,  of  which 
there  are  many  individuale,  and  the  ferna  are  ao  well  preserved  that  it  is 
evident  that  neither  animal  nor  plant  could  have  been  transported  far, 
but  that  both  must  have  been  buried  in  or  near  the  very  place  where  they 
had  lived.  There  ia  now  little  doubt  that  these  Coal  Measure  beds  are 
non-marine,  so  that  the  five  Carbonic  species  of  Eurypterids  from  North 
America  can  be  added  to  the  non-marine  ones  of  the  previous  periods. 
From,  the  Coal  Measures  of  Europe  are  reported  Artlirophura  armala 
Jordan,  a  fragment  in  the  Saarbriicker  Schichfen  in  the  middle  Upper 
Carbonic  of  Germany,  and  A.  mammatus  Salter,  from  fragments  at  Pen- 
dleton Colliery  near  Manchester,  England.  Jordan  has  also  recorded 
fragments  of  Adelophthaimua  granosvs  from  the  Saarbriick  beds.  All  of 
these  are  non-marine.  A  single  species  of  Eurypterus  (Edonvillei  de- 
fima)  has  been  found  in  the  Rothliegende  of  Portugal  aasotuated  with 
Walchia  pinniformis  and  SphenophyUum  therun  in  a  typical  non-marine 
formation.'^' 

Review  of  the  evidence."^ — Reviewing  the  distribution  of  the  Euryp- 
terids as  outlined  above  by  Miss  O'Connell,  we  are  impresaed  with  the 
fact  that  the  sediments  and  their  faunae  indicate  that  it  is  only  under 
peculiar  conditions  that  the  Eurypterids  are  found  in  abundance  and 
perfection  and  never  under  normal  marine  conditions.  Omitting  from 
consideration  the  merostomes  of  the  Middle  Cambric  beds  described  by 
Walcott,  as  they  are  not  Eurypterids,  we  have  only  the  striking  occur- 
rences of  these  organisms  in  abundance  in  association  with  typically  ma- 
rine forms  in  the  shales  of  the  Hudson  series  in  the  Mohawk  and  Hudson 
valleys.  In  the  Mohawk  Valley  the  shales  have  been  determined  to  be 
Ihe  shore  equivalent  of  the  Trenton  limestones  farther  west,  while  the 
beds  furnishing  the  Eurypterid  remains  near  Catskill  in  the  Hudson 
Valley  are  shown  by  their  associated  graptolites  to  be  of  Normanskill  age. 

"'Second  QeoloElcal  Surrey  of  PrnnBjlTanlB.  Report  ol  ProgrMfl  PPP,  pp.  Z3-.^G,  pla. 
3-S.  CHWclall)'  pi.  4. 

"'Clarke  aDd  RuedemaoD.  [oc.  cit.,  p.  112. 

"■Bt  the  autbor.  a  more  elaborate  dlefuaiiloa  of  tbls  subject  vlll  appear  In  MiMi 
OToDDeira  paper.  Part  ol  ber  coDclualono  are  bere  made  use  of.  Ihe  aiibject  hHvEDjc 
tw«D  onder  repeated  dIacuBBlon  betweeo  u*  Id  Ibe  preparation  of  ber  memoir  durlDs  the 
(iMt  two  JTMN. 
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This  latter  was  originally  considered  Lower  TreDton,  then  Black  River, 
and  finally  Upper  Ohazy.  I  have  elsewhere"*  discussed  the  age-relations 
of  the  Xornianskill,  and  have  shown  that  its  equivalency  must  be  with 
the  transgn^sional  portion  of  late  Chazyan  (including  Black  River) 
time.  This  is  of  interest,  in  view  of  the  fact  that  the  Eunpterids  of  the 
Schenectady  heds  are  dose  relatives  of  the  Eurj-pterids  of  the  Nonnan- 
skiil,  there  heing  at  least  in  one  case  specific  identity.  Tliese  occurrences 
Clarke  saj-s  represent  "...  a  purely  marine  basin,  where  sedimenta- 
tion went  on  rapidly  in  an  Appalachian  depression."  "'  .  .  ,  It  will 
at  first  glance  seem  that  we  have  here  an  undoubted  marine  occurrence. 
but  closer  inspection  reveals  the  fact  that  all  is  not  as  satisfaetorv-  as  it 
might  be.  By  the  courtesy  of  the  State  paleontologist,  I  was  permitted 
to  view  the  collection  of  the  Schenectady  Eurypterids,  and  I  was  espe- 
cially struck  with  the  fragmentary  character  of  the  exoskcletons,  since 
illustrated  in  the  magnificent  memoir  on  the  Eurypterids.  Plenty  of 
carapaces  and  abdominal  segments  and  separate  leg  parts  occur,  and  now 
and  then  a  number  of  body  segments  in  conjunction,  but  not  a  whole 
individual  was  to  be  seen.  The  Nonnanskill  material  is  equally  frag- 
mentary; ".  .  .  few  legs  and  telsons  have  been  found  in  connection 
with  the  carapaces  and  fragmentary  abdomina." '" 

This  is  certainly  remarkable,  in  view  of  the  fact  that  the  Eurypterids 
occur  entire  elsewhere,  and  that  entire  specimens  of  Triarthnis  herin  arc 
found.  Certainly  we  can  deal  here  only  with  caet^off  exoskeletons  which 
were  dismembered  and  not  with  buried  entire  individuals.  Where  were 
the  individuals  that  furnished  these  exoskeletons ?  A  significant  fact  lies 
in  the  greater  rarity  of  these  fossils  in  the  blaok  mud,  where  they  are 
belter  preserved  than  in  the  sandy  beds.  This  is  equally  true  of  the 
Normanskill  and  of  the  Schenectady  beds.  The  sandy  beds  certainly 
represent  shore-derived  elastics,  and  indicate  a  stronger  supply  of  terrig- 
enous detritus  and  swifter  river  currents  than  is  the  case  with  the  muds. 
In  the  Normnnskill  beds  there  is  distinct  evidence  of  shallow  water  in  the 
conglomeratic  beds,  full  of  what  appear  to  be  mud  pebbles,  and  in  the 
wave-marks  and  winnows  of  comminuted  seaweeds  with  the  Eurypterids 
in  the  troughs.  That  the  fragments  should  be  most  abundant  when  the 
lithic  character  of  the  rock  suggests  the  greatest  inrush  of  land  water* 
carrying  detritus  is  certainly  a  most  significant  fact.  It  seems  to  point 
directly  to  the  land  waters  as  the  source  of  these  fragments.  It  is  hard 
to  escape  the  conclusion  that  we  are  dealing  with  material  rafted  from 

"■OutllnpB  of  t>«o]nKlral  Hlntory  Sympotlam,  jt.  tiftIL 

""I-oc.  dt..  p.  31. 

u*  Clarke  and  Raedemuin,  loc  dt,  p.  418, 
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the  land  and  deposited  near  the  seashore.  It  is  not  impoBsiblo  that  the 
so-called  sea-weed  Sphenothallus,  which  also  appears  to  be  abundant  in 
the  Xormanskill  beds,  was  a  land  or  fresh-water  plant ;  its  occurrence  in 
these  same  beds  is  not  without  significance.  The  presence  of  (iraptolltes 
might  at  first  suggest  that  the  black  muds  were  of  deep-water  origin,  but 
such  is  not  necessarily  the  case.  The  Graptolitea  are  generally  fragments, 
and  might  just  as  readily  have  been  cast  up  onto  a  luud-flut  Rurfnce  as 
hydroids  at  the  present  time  arc  oast  up  on  mud  flats  which  are  ex|Kised 
to  the  air  often  for  long  periods.  'I'he  shales  may  just  as  readily  haie 
constituted  the  submerged  portion  of  a  delta  or  c-onfluent  series  of  deltas, 
which  received  drainage  on  the  one  hand  from  the  land  and  nn  the  other 
was  covered  by  the  wash  of  the  sea.  These  shales  occasionally  show  mud 
cracks,  indicating  that  they  accumulated  in  shallow  water. 

If  land  derived,  the  Eurypterid  fragments  of  the  Normanakill  and 
Scheneclady  beds  must  have  been  washed  into  the  Ordnvicic  Sea  l»eforc 
any  part  of  the  Bald  Eagle  delta  now  preserved  was  formed,  but  there  is 
no  reason  for  believing  that  such  land-derived  deposits  were  not  forming 
earlier.  Indeed,  the  character  of  the  Hudson  beds  shows  that  such  was 
the  case  throughout  Ordovicic  time;  that  streams  coming  from  the  high 
land  of  Old  Appalachia  poured  their  waters,  laden  with  sand  and  mud, 
into  the  shallow  Ordovicic  Sea.  Such  streams  could  readily  bring  with 
them  the  shed  exoskeletons  of  animals  living  in  their  upper  roacliw  and 
deposit  these  with  the  sands  and. muds  on  the  shallow  wean  floor.  If  this 
interpretation  of  the  evidence  is  correct,  we  should  ex|>ect  to  find  Ku- 
rj^jterid  remains  throughout  the  Hudson  series',  and  we  should  espcL'ially 
look  for  them  in  intercalated  shales  in  the  Bald  Kagic  delta  and  the 
Oswego  sandstone.  We  feel  confident  that  future  discoveries  will  sub- 
stantiate this  interpretation  and  will  bring  to  light  additional  evidence 
pointing  to  the  river  habitat  of  these  organisms. 

Turning  now  for  a  moment  to  the  earlier  abun<lant  occurrfniv  of 
Eurypterids  in  the  Belt  Terrane,  we  find  that  these  organisms,  if  they 
are  Eurypterids,  occur  alone,  without  the  association  of  marine  organ- 
isms. Since  the  beds  in  which  these  remains  are  found  are  known  from 
other  characters  to  be  non-marine  in  origin,  the  only  rational  conclusion 
that  can  be  arrived  at  is  that  these  animals  were  of  non-marine  habitat. 
It  certainly  would  be  stretching  a  point  to  make  them  marine  and  have 
them  washed  into  the  area  of  continental  sedimentation,  especially  as  no 
other  marine  organisms  occur  in  these  strata. 

The  isolated  occurrences  of  Eurypterids  in  marine  strata  may  l>p  ne- 
glected, since  their  very  isolation  makes  them  of  little  value  in  arriving 
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at  a  correct  conclusion  regarding  the  habitat  of  these  Merostomes.  Sucli 
iaolated  occurrences,  if  they  represent  scattered  distribution,  are  in  realilv 
best  explained  as  cases  of  individual  carapaces  washed  from  the  land  out 
to  sea,  and  thus  they  would  become  evidence  for,  rather  than  against,  the 
non-marine  habitat  of  these  creatures.  The  recent  discoveries  of  Ku- 
rj'pterid  remains  in  the  basal  Siluric  beds  of  the  Swatara  Gap  region  in 
Pennsylvania  is  of  great  significance,  in  view  of  the  fact  that  thie  perioil, 
as  already  set  forth,  was  one  of  strong  land  drainage  and  abundant  wn<1) 
of  elastic  sediments  by  the  rivers  of  the  old  Appalachian  land  into  Ihc 
sea.  The  rivers  which  were  able  to  erode  the  old  Taconic  Mountain  fold* 
of  eastern  Pennsylvania  and  carry  the  resulting  material  into  the  sea 
were  certainly  able  to  wash  out  during  flood  time  an  abundance  of  tin' 
shed  cxoskclefons  of  Merostomes  which  inhabited  their  quieter  reaches. 

The  most  significant  occurrence  of  Eurypterids  in  the  Siluric  of  Xorth 
America  is  in  the  Pittsford  shales  and  the  Shawangunk  conglomerate  o( 
Salina  age  and  in  the  Bertie  water-lime  of  Monroan  age. 

The  Pittsford  shales  have  already  been  cited  as  deposited  during  a 
period  of  change  from  open  sea,  in  which  limestones  and  dolomites  were 
forming,  to  conditions  favoring  the  deposition  of  red  shales.  The  octur- 
renee  of  fossiliferoua  dolomites  between  the  shales  carrj-ing  the  Eurv](- 
ferids  indicates  an  (wcillatory  condition,  a  rejicated  reassertion  of  It"' 
marine  conditions  before  their  final  disappearance;  for  the  occurremi' 
of  these  abundant  remains  of  Kurypterids  at  this  horizon  and  not  befim' 
shows  that  the  marine  conditions  ((receding  were  unfavorable  to  the  es- 
istcnc-e  of  these  Men)slomcs  in  this  region,  or  at  any  rate  not  encourag- 
ing. That  tliey  existed  somewhere  is  shown  by  the  sporadic  owurrent* 
of  fragments  or  individuals  in  the  Siagaran  limestones  of  New  York  anil 
Canada,  by  the  Pennsylvania  occurrences,  already  referred  to,  and  espe- 
cially by  the  remarkable  examples  found  in  the  Kokomo  water-limes  of 
Indiana,  now  correlated  with  the  Ijockport  horijton.*  The  latter  occur- 
rence might  again  lie  cite<l  as  evidence  for  the  marine  habitat  of  Ihesr 
creatures  were  it  not  for  the  fact  that  they  occxir  in  beds  of  peculiar  char- 
acter, intercalated  between  beds  of  normal  marine  type,  and  by  the  fur- 
ther fact  that  the  remains  are  those  of  cast-off  exoskelotons  floated  inti 
this  region,  as  abundantly  indicated  by  the  appearance  of  these  fosfils. 
The  Kokomo  water-lime  was  a  deposit  similar  in  origin  to  the  Bertie,  anil 
the  discussion  of  that  formation  will  also  apply  with  slight  modificatinnii 
to  the  Kokomo  occurrence. 
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With  these  facts  in  mind,  we  may  ask  the  pertinent  question.  Where 
did  this  great  colony  of  Eurypt«rids  originate?  If  this  was  a  lagoon  or 
an  estuary  and  the  Eurypterids  conBtitut«d  an  estuarine  fauna,  this  must 
have  been  derived  either  from  the  sea  or  from  the  land  watere.  Estuarine 
fannas,  though  possessing  characters  of  their  own,  can  be  composed  only 
of  animals  derived  from  one  or  both  the  contributing  realms,  the  sea  or 
the  land.  No  one  would  assert  that  a  lagoon  or  estuarine  fauna  comes 
suddenly  into  existence  with  the  appearance  of  the  restricted  water  body ; 
that  it  has  no  pri^enitors  in  the  sea  or  in  the  land  waters  which  combine 
to  form  the  estuary.  And  yet  it  has  generally  been  thought  sufficient  to 
refer  to  these  organisms  as  estuarine  or  lagoon  types,  with  the  tacit  as- 
sumption that  that  explained  their  presence.  Clarke,  speaking  of  the 
Eurypterids  of  the  Shawangunk,  says  that  "our  present  knowledge  of  the 
habits  of  the  Merostome  crustaceans,  derived  from  botii  the  living  and 
fossil  forms,  indicates  the  shallow  water  or  barrachois  origin  of  all  sedi- 
ments in  which  these  remains  abound,"  "*  but  he  does  not  discuss  the 
origin  of  this  fauna,  which  he  himself  considers  as  normally  absent  from 
the  sea. 

It  is  evident  that  the  Fittsford  and  Shawangunk  deposits  are  inti- 
mately associated  in  origin.  Essentially  the  same  species  of  Eurypterids 
occut  in  the  black  shales  of  both,  and  the  I'ittsfonl  can  only  lie  regarded 
as  the  westward  extension  of  the  Shawangunk  deiHwition.  Tliis  is  fur- 
ther shown  by  the  fact  that  in  both  cases  red  shale  de(><isilion  follows  the 
Kurypterid  beds.  The  Eurypterids  of  the  Hhawangtmk  shales  an  very 
fragmentary,  only  the  youngest  individuals  remaining  intact,  Bitlingsley 
has  observed,  furthermore,  that  the  fragments  ari'  nmch  disaiKJated;  that 
the  cephala,  for  example,  are  by  themselves  as  if  swept  together,  while 
elsewhere  the  body  segments  occur.  Young  individuals  are  extremely 
numerous,  and  these  are  as  a  rule  well  preserved.  In  the  Pittsford  shak^, 
on  the  other  hand,  the  exoskeletons  are  commonly  preserved  in  a  good 
state  of  perfection.  This  might  at  first  seem  an  argument  for  the  exist- 
ence of  the  Eurypterids  in  the  waters  in  which  the  remains  arc  so  well 
preserv'ed.  We  might  ask.  Why  is  it,  if  the  Eurypterids  were  swept  by 
tlie  rivers  from  the  land,  that  the  entire  specimens  were  carried  out  into 
the  lagoons  which  existed  before  the  final  withdrawal  of  the  sea,  while 
only  comminuted  remains  and  young  individuals  were  embedded  in  the 
black  muds  of  the  supposed  river  delta?  In  attempting  to  answer  this. 
let  us  assume,  for  the  sake  of  argument,  that  the  Eurypterids  are  river 
animals.     During  periods  of  flood  the  molted  exoskeletons  of  old  and 

"•New  York  Bute  Uueeum,  BnlU  lOT,  p.  S03. 
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joung  alike  are  swept  aesward  by  the  swollen  riveT^,  which  in  tlicir  bot- 
tom portions  will  roll  along  sands  and  [)ebb!es,  while  the  Eun-pterM 
exoskeletone  aud  the  fine  mud  are  held  more  or  lese  in  auspension.  If 
the  water  enters  a  lagoon  or  arm  of  the  sea,  in  which  wave  activitv  is 
slight,  these  exoskelotons  will  sink  to  the  bottom  with  the  muds  broughi 
in  by  the  flood  and  will  become  buried  in  the  mud  layers.  Over  the  delta 
and  the  floodplains  of  the  distributaries  the  muds  will  settle  as  the  waters 
subside,  and  with  Ibem  the  exoskeletons  will  sink  to  the  bottom,  Finaliv, 
these  muds  become  exposed  to  the  air,  are  dried,  crack  and  crumble,  ami 
are  blown  about  by  the  winds,  and  at  a  subsequent  flooding  they  arc  re- 
arranged by  the  waters  and  finally  covered  by  coarser  sediments.  I>ur- 
ing  this  process  the  larger  exoskeletons  must  of  necessity  suffer  more  nr 
less  dismemberment,  which  the  young  ones  readily  escape  by  virtue  of 
their  small  size.  The  skeletons  which  were  swept  into  the  lagoons  es- 
caped this  destniction  because  the  general  absence  of  waves  prevented  (be 
I'ear  range  men  t  of  the  sediments  and  the  conseciiient  destruction  of  tlie 


There  is  another  fact  which  must  be  considered  in  this  connwtion, 
namely,  that  the  abundant  inpouring  of  fresh  water  into  the  lagoon  may 
have  at  times  transformed  it  into  a  brackish  or  even  fresh  water  body. 
The  Gulf  of  Finland  is  almost  a  fresh-water  body,  especially  near  its 
head,  while  the  Baltic  as  a  whole  has  a  surface  r^ltnity  of  7.K  jxTnirlle. 
though  the  volume  salinity  is  10  pcrmitle.  Compared  with  the  normal 
salinity  of  sea-water,  115  permille,  the  influence  of  abundant  im|)ouriiig 
of  fresh  water  is  at  once  seen,,  Hiiring  an  earlier  period  the  sea  was 
entirely  excluded  from  the  Baltic  and  the  fresh-water  Ancyclus  Ijikc 
replaci'd  the  Baltic.  After  the  cutting  off  of  the  head  of  the  Gulf  of 
California  by  the  building  of  the  Colorado  delta,  the  abundant  inpourini; 
of  fresh  water  by  that  river  converted  the  original  salt  body  (with  oceanic 
.falinity  of  35  permille  or  over)  into  a  fresh-water  lake  of  greater  eleva- 
tion and  extent,  in  which  an  abundant  fresh-water  fauna  existed.  Tlw 
diversion  of  the  river  water  tn  the  gulf,  and  possibly  an  increase  in 
aridity,  caused  the  fresh-water  lake  to  concentrate  once  more  into  a  salt- 
water body,  this  time,  however,  isolated  and  probably  lifeless.  Finally, 
through  continued  desiccation,  the  present  de|)ressed  desert  was  pro- 
duced, with  the  concentration  of  the  salt  in  the  center  of  the  old  sen- 
bottom.  The  influence  of  streams  on  the  salinity  is  shown  in  the  Black 
Sea,  which  ha.;  a  salinity  in  the  upfier  +0  or  45  meters  of  IH.ri  permille, 
while  the  Sea  of  Marmora  has  a  surface  salinity  of  32  to  25  permille  and 
the  Mediterranean  the  normal  of  3S  permille  or  over.    The  Sea  of  Aiot, 
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a  shallow  homohaline  epicontinental  body,  has  an  average  salinity  of  11 
pennille,  but  in  the  iiortlieaiit,  where  fresh-water  stre&ms  enter  the  basin, 
the  salinity  may  be  as  low  as  7  permille.  Seasonal  variations  is  shown  in 
the  Adriatic,  where  in  the  spring,  when  the  land  waters  pour  in  abun- 
<Iantty,  the  salinity  sinks  to  18  or  even  16  permille  in  the  neighborhood 
of  the  land,  while  in  the  winter  the  salinity  is  38  pennille  even  at  the 
mouth fl  of  streams.* 

It  can  not  be  doubted  that  the  great  deposits  of  clastic  sediments  seen 
in  the  Shawangunk  formation  implies  a  great  influx  of  fresh  water  from 
the  land.  If  the  late  Niagaran  or  early  Kalina  Sea  was  restricted  into  a 
lagoon-like  body,  as  is  generally  conceded,  tliis  body  must  at  times  have 
suffered  extensive  reduction  in  salinity  even  to  complete  freshening. 
Certainly  if  this  sea  was  at  any  time  cut  off  from  the  ocean,  it  must  have 
been  converted  into  a  fresh-water  lake,  in  which  the  Kurypterids  may 
have  flourished.  Without,  therefore,  attributing  to  these  creatures  ex- 
cessive euryhalinity.  we  may  conceive  of  their  having  flourished  in  abun- 
dance in  the  early  Halina  basins,  which,  however,  if  they  were  cut  off 
from  the  sea.  must  have  been  fresh-water  lakes  as  long  as  the  great  land 
streams  poured  into  tlieni.  Increased  aridity,  brought  about  by  a  rising 
in  the  land  on  the  east,  would  dry  the  streams  near  their  headwaters  or 
cause  them  to  dwindle  away  after  the  manner  of  modern  streams  in  arid 
regions.  The  fresh-water  lakes  would  then  suffer  desiccation  and  finally 
I)e  replaced  by  salinas,  in  which  no  life  could  flourish.  The  remarkable 
fauna  associated  with  the  Eurypterida  in  the  I'ittsford  shales  might  welt 
be  taken  as  indicative  of  fresh-water  lake  conditions,  while  the  inter- 
calated marine  layers  may  \ie  taken  as  indicating  periodic  destruction  of 
the  barrier  and  incursion  of  the  sea,  with  consequent  extermination  of 
the  rich  lacustrine  fauna. 

We  must  now  turn  to  a  consideration  of  the  rich  Kurypterid  faunas  of 
the  Bertie  water-lime.  From  their  finely  prcser%'ed  state,  one  is  tempted 
to  hold  that  this  was  the  region  where  these  organisms  flourished.  In- 
deed, Clarke  and  Euedemann  expressly  consider  that  the  two  "pools"  of 
\ew  York— the  Buffalo  and  Herkimer  pools — constituted  the  area  of  ex- 
treme development  of  these  creaturep,  the  latter  being  especially  character- 
ized as  the  breeding  area  of  these  types.  We  may  approach  the  discussion 
of  this  problem  from  the  side  of  the  organisms  themselves,  scrutinizing 
the  remains  and  the  other  organic  contents  of  the  rock  in  an  attempt  to 
solve  their  hionomlc  conditions  of  existence,  and  again  we  may  approach 

•  For  furtlier  detaUa.  we  Prlnclplpa  of  Rtrallgrapby,  cbapter  It, 
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the  problem  from  the  side  of  the  eedimeiite,  attempting  to  determine 
their  source  and  mode  of  deposition. 

Taking  the  orgaDiems  first,  we  find  t)iat  the  specimens,  though  well 
preserved,  appear  to  represent  chiefly  exoskeletons.  Clarke  and  Buede- 
mann  give  it  as  their  opinion  that  "probably  the  majority  of  the  remain? 
found  are  the  cast  exuvia  from  the  frequent  moltings  of  growing  indi- 
vidusla."  Recondly,  there  is  a  remarkable  absence  of  other  organism} 
which  could  have  served  as  food  for  these  creatures.  True,  remains  of 
some  plants,  apparently  aquatic,  of  Ceratiocarids  and  of  a  few  entire 
gastropod  shells  are  found.  There  seem  to  be,  however,  no  indications 
of  organic  remains  which  could  have  seired  these  Arachnids  for  food, 
nor  dooB  the  water-lime  anywhere  show  evidence  of  broken  shells  or  skele- 
tons other  than  the  Eurypterids.  In  texture  and  presumably  in  origin, 
the  water-lime  is  exactly  the  same  whether  Eurypterids  abound  or  are 
wholly  absent,  as  in  the  Bosendale  section.  Unless  these  creatures  lived 
OD  shelUless  organisms  which  have  left  no  remains,  this  could  not  havp 
been  their  habitat,  for  we  can  hardly  assume  that  they  were  purely  can- 
nibalistic. That  the  "pools"  were  almost  if  not  quite  lifeless  is  shown 
by  the  scantiness  of  other  than  Euryptcrid  and  C'cratiocarid  remains.  In 
the  Buffalo  pool,  besides  the  plant  remains,  occurs  an  occasional  I.inguln 
or  Tjeperditia,  which  probably  were  washed  in  from  the  opon  sea.  as  was 
perhaps  the  case  with  the  four  examples  of  dead  orthoceras  shells  found. 
The  only  fossil  besidi-s  the  Eurypterids  represented  by  a  number  of  speci- 
mens are  Kliells  of  JlercgiiPlla  buffalofuxin  OTtiniicU*  (irteiitifie<l  as 
DiKcina  grandui  in  tlic  collections),  which  is  regarded  as  a  puluionatc 
gastropod  and  may  have  Itelonged  to  the  river  fauna,  though  it,  too,  may 
have  been  washed  in  from  the  sea.  The  Herkimer  pool  has  furnished 
evidence  of  the  proximity  of  the  land  in  the  occurrence  of  a  scorpion,  the 
Proxcorpivs  osbomi  AMiilfield  with  the  Eurypterids. 

But  by  far  the  most  marked  fauna!  peculiarity  of  the  Bertie  is  the 
separation  into  two  distinct  pools,  as  noted  aboi  e.  As  shown  by  the  qui>- 
tation  from  Clarke  and  Ituedemann  given  in  Mias  O'Connell's  summan'. 
the  faunas  of  these  two  pools  are  distinct,  having  only  two  of  the  rarer 
forms  in  common.  Hnw  can  such  a  segregation  of  species  be  accounted 
for?  Clarke  and  Ituedemann  consider  thai  the  difference  is  due  nnt  to 
differences  in  horizon  of  the  two  series,  but  has  rather  a  geographic  ba-eis, 
bringing  about  isolation  of  these  faunas.  How  can  wc  conceive  of  snch 
segregation  on  a  sea-border  or  in  lagoons  open  to  tiie  sea?  It  must  be 
remembered  that  this  is  not  an  ordinary  case  of  local  marine  provinces, 
for  firdt  of  all  the  entire  order  of  the  Eurypterids  is  virtually  restricted 

•  Mmi'tHcrlpI  In  pn»p»r«lloa  by  MiKs  OTonneU. 
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to  theBe  pools  and  absent  in  the  corresponding  deposits  like  the  Rosendale, 
which  are  more  open  to  the  eea.  Again,  the  fauna  is  a  limited  one,  with 
typical  marine  organisms  only  sporadically  represented.  How  is  it  pos- 
sible that  marine  organisms,  which  conid  migrate  only  along  a  coastline, 
should  be  so  distinct  in  adjoining  pools  with  similar  bionomic  conditions? 
Moreover,  if  these  lagoons  were  peopled  from  the  sea,  how  it  is  that  there 
is  not  an  accompanying  typical  marine  fanna,  such  as  always  inhabits 
lagoons  and  estuaries?  The  existence  of  these  pools  in  such  close  prox- 
imity to  each  other,  with  distinct  faunas,  seems  to  me  to  be  fatal  to  the 
hj-pothMis  of  a  marine  habitat  of  these  Merostomes.  Per  contra,  how- 
ever, this  separation  is  precisely  what  we  should  look  for  if  the  organ- 
isms were  river  forms.  We  have  an  excellent  illustration  of  this  in  the 
river  trout  of  western  United  States.  The  Columbia  and  Missouri  rivers 
interlace  at  their  headwaters,  and  here  we  find  the  cut-throat  trout,  Salmo 
clarH.  Away  from  this  headwater  region  the  species  become  gradually 
differentiated.  Thus  the  nearest  relatives  of  S.  clarJci  are  S.  virr/inaUs. 
in  the  basin  of  Utah,  and  S.  stomias  of  the  Platte  Kiver,  "Next  to  the 
latter  is  Salmo  spUurita  of  the  Hio  Grande,  and  then  SaJmo  pleuiiticus 
of  the  Colorado.  The  latter  In  turn  may  be  the  parent  of  the  Twin  Lakes 
trout  Salmo  macdonaiiU.  Always  the  form  next  away  from  the  parent 
stock  is  onward  in  space  across  the  barrier,"  ""  It  is  easy  to  see  that 
river  organisms  thus  gradually  differentiating  as  they  separate  along  the 
different  waters  under  the  influence  of  isolation  might  be  swept  into  ad- 
joining basins  from  two  distinct  Hvei's  and  so  be  buried  as  distinct 
faunas,  yet  having  relationship  through  a  common  ancestor.  We  v>v\ 
readily  understand  that  the  Hun/ptenis  finrheri  of  the  Baltic  provinces 
might  have  its  near  relative  in  E.  remtpes  of  the  Herkimer  region,  while 
this  in  turn  has  a  close  relative  in  E.  hcuslris  of  the  more  western  Buf- 
falo region  if  the  river  systems  in  which  these  species  lived  interlaced  at 
their  headwaters.  Such  relationship  could  be  understood  also  for  organ- 
isms migrating  along  the  coast,  but  such  migration  could  hardly  be  ac- 
complished by  organisms  primarily  at  home  in  lagoons  which  are  unfa- 
vorable to  other  marine  life. 

The  preservation  of  these  Eurvpterids  in  the  water-limes  reminds  us 
forcibly  of  the  marvelous  preservation  of  the  land  and  marine  organisms 
in  the  Solnhofen  beds  of  Bavaria.  Walther'^'  has  shown  that  these  or- 
ganisms did  not  live  in  the  lagoons  in  which  the  fine  deposits  of  lime 

>*  D.  8.  Jordan  :  Tbe  orlBln  of  epKlra  thrnugh  liwlatlon.  ScIeucp.  n.  a..  Not.  3.  lOnfi, 
p.  547. 

m  Johaopeii  Wallher  :  Tlu>  Solnboreo  riatlcnkalke  bloDomlwh  belrachted.  Featschrlft 
■um  TOten  CeburtBtage  llaMkel'a. 
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mud  were  forming,  but  were  allochthoiious — that  is,  transported  from 
without.  They  were  carried  here  as  dead  organieme  or  quickly  expired, 
and  their  remains  were  rapidly  covered  by  the  constantly  acctimulatinp 
lime  mud,  probably  stirred  up  at  the  time  these  bodies  arrived,  and 
quickly  settling  again  and  so  entombing  the  remains.  It  is  precisely  in 
this  mdnner  that  I  assume  that  the  Eurypteridg  and  Ceratiocarids  nf 
the  Bertie  water-lime  were  buried,  the  fine  lime  mud  being  brought  in 
by  the  rivers  which  swept  the  Eurypterid  remains  basin-ward. 

If  the  Eurypterids  of  the  Bertie  and  of  the  Hudson  shales  can  be 
satisfactorily  explained  as  river  animals  swept  out  to  sea,  or  into  basins 
where  conditions  of  preservation  were  e8|)ecially  favorable,  nothing  fur- 
ther need  be  said  about  the  Eurypterids  of  the  other  horizons,  both  in 
America  and  Europe,  for  those  admit  of  ready  explanation  on  the  hy- 
pothesis of  a  river  origin.  The  occurrence  of  these  remains  in  the  lagoons 
behind  the  Gotlandian  harrier  reefs,  associated  with  scorpions  as  well  as 
marine  organisms;  their  presence  in  the  evident  delta  type  of  deposit  of 
Wenlock  age  in  Scotland  and  northern  England,  and  their  absence  from 
the  purely  marine  Wenlock  deposits  of  western  England  point  equally 
strongly  with  their  occurrence  in  the  Old  Red  deposits  to  a  river  habital. 
That  such  a  habitat  was  the  unquestioned  one  iu  the  Carbonic  only  adAi 
the  final  links  to  the  long  chain  of  evidence  which  to  an  unprejudiced 
mind  must  clearly  demonstrate  the  fluviatile  and  perhaps  lacuslrine 
habitat  of  life  of  these  remarkable  arthropods. 

It  remains  now  to  be  shown  that  the  peculiar  sediments  which  formed 
the  water-limes  are  in  harmony  with  this  theory.  The  remarkably  fine 
and  uniform  character  of  the  lime  mud  composing  these  s&liments  has 
led  some  to  assign  to  them  a  chemical  origin.  Against  such  an  origin, 
however,  all  its  lithic  and  structural  characters  protest.  The  materia! 
is  clearly  a  clastic  lime  mud  deposited  in  quiet  and  shallow  water  unin- 
fluenced by  waves.  This  is  shown  by  the  fine  stratification  and  by  the 
mud  cracks  and  other  evidences  of  shallow  water.  The  lime  mud  was 
clearly  not  derived  from  organic  sources,  since  nowhere  iu  the  series  is 
there  an  accumulation  of  organic  lime  in  the  form  of  reefs  or  shell  heai>s 
capable  of  furnishing  this  fine  mud.  It  is,  furthermore,  a  demonstrable 
fact  that  life  conditions  had  not  yet  reappeared  in  any  mat^ced  degree 
in  the  region  of  former  salt  deposition.  Under  these  circumstance?  it 
must  be  apparent  that  the  older  limestones  of  the  Siluric  land  were  the 
only  possible  source  of  the  lime  mud,  unless  some  unknown  factor  enters 
into  the  calculations  here.  That  these  limestones,  the  \iagaran  and 
underlying  Trentonian,  were  perfectly  able  to  furnish  the  lime  can  not 
be  questioned.     Disintegration  of  the  exposed  surfaces  during  the  arid 
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Salina  period  had  prepared  the  material  for  the  rivers  to  sweep  into  the 
basins  of  deposition.  Some  of  this  material  was  swept  into  the  Salina 
basin  during  the  intervals  of  salt  deposition  and  so  formed  the  dividing 
(lolomitic  bands.  But  the  bulk  of  the  lime  sand  and  lime  mud  produced 
by  mechanical  disintegration  and  erosion  of  the  old  Niagaran  limestones 
of  the  Siluric  land  was  utilized  to  build  the  fine-bedded  Upper  Siluric 
or  Honroan  strata,  of  which  the  water-limes  are  the  most  marked  ex- 
amples. If  more  lime  mud  and  sand  is  furnished  to  a  river  than  it  can 
take  into  solution,  the  surplus  must  be  carried  away  as  mechanical 
detritus  and  deposited  wliere  the  river  currents  are  checked.  If  this  is 
in  the  sea,  well  stratified  caLcilutytes  inclosing  marine  organisms  will  be 
formed;  if  in  a  playa  lake,  finely  stratified  deposits  free  from  marine 
organisms  result.  This  latter  I  believe  to  have  been  the  conditions 
under  which  the  Bertie  water-lime  was  deposited,  A  series  of  shallow 
basins  above  sealevel,  but  near  the  coast,  were  flooded  by  the  waters  of 
the  rivers,  which  brought  large  quantities  of  fine  lime  mud.  With  this 
lime  niud  were  brought  at  certain  times  the  cast-off  exoskeletons  of  the 
Eurypterids  and  Ceratiocarids  which  inhabited  the  upper  reaches  of  the 
rivers.  Near  the  margins  of  these  basins  grew  reedlike  vegetation,  the 
remains  of  which  are  often  found  in  these  deposits.  Finally,  pulmonate 
ga»tropods  (Hercynella),  living  among  these  reeds,  were  occasionally 
entombed.  Once  or  twice  the  sea  may  have  broken  into  these  basins, 
washing  with  it  a  couple  of  dead  orthooeras  shells  and  the  shells  of  a  few 
Lingulas  and  perhaps  some  ostracods.  Even  this  is  doubtful,  since  the 
Orthoceras  and  Lingula  shells  may  have  weathered  out  from  the  older 
limestones  of  the  land  and  become  transported  into  the  Buffalo  basin, 
where  they  were  found.  The  same  is  true  of  the  Leperditias,  though 
these  may  actually  have  inhabited  the  waters  of  these  basins.  In  any 
case,  the  presence  of  these  few  marine  organisms  is  readily  explained 
and  offers  no  barrier  to  the  general  acceptance  of  the  theory  of  origin 
here  outline<l.  This  seems  to  accord  best  with  all  the  known  facts, 
whereas  the  commonly  accepted  theory  of  a  marine  origin  of  these  sedi- 
ments and  faunas  meets  with  insuperable  difficulties  and  requires  special 
hypotheses  at  every  step  to  bolster  it  up. 

The  composition  of  the  Bertie  water-lime  is  in  harmony  with  the  idea 
of  its  origin  from  the  Loekport  and  Quelph  dolomites,  containing  20,35 
per  cent  of  magnesium  carbonate  and  43.75  per  cent  of  calcium  car- 
bonate."" The  presence  of  11.48  per  cent  of  silica  and  17.5  per  cent 
of  alumina  also  indicates  that  the  material  is  land  derived,  that  there  is 

'"  From  analrms  uf  BulTalo  wstpr-lime  made  for  Lewis  J.  Beonet. 
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a  commingling  of  the  muds  derived  from  the  erosion  of  the  purer  dolo- 
mites with  the  mud  obtained  from  older  eiliceouB  sediments.  Eastward 
the  chemical  character  of  these  deposits  changes  in  the  reduction  of  the 
amount  of  magnesium  and  silicate  of  aluminum.  Here  the  source  was 
most  likely  the  purer  Trenton  limestone,  and  the  deposits  were  formed 
near  the  open  sea.  The  Trenton  limestone  beds,  which  covered  much, 
if  not  all,  of  the  Adirondack  region  at  that  time,  and  which  were  exposed 
by  the  erosion  of  the  covering  Hudson  strata  during  Saliua  time,  form 
an  admirable  source  for  the  water-limes  and  the  greater  part  of  the 
Manlius  limestone  of  eastern  New  York.  These  late  Siluric  strata  merge 
southward  into  open  sea  limestones  of  organic  origin  (Lewieitown  lime- 
stones of  Pennsylvania),  which,  during  periods  of  marked  transgression 
(Wilbur,  Cobleskill),  extended  into  the  region  where  the  terrigenous  lime 
muds  were  being  deposited. 

Of  special  interest  in  this  connection  is  the  fact  that  the  genera  and 
species  of  the  Eurypterids  are  peculiarly  long  lived,  and  as  such  do  not 
form  exact  horizon  markers.  Thus  the  same  species  seem  to  have  existed 
in  the  same  region  from  Normanskill  to  late  Trenton  time,  and  from  the 
beginning  of  Niagaran  time  (Medina-Clinton)  to  the  beginning  of  Salina 
(Bhawangunk),  or  perhaps  better,  end  of  Guelph  time.'"  This  is  not 
unlike  the  persistence  of  characters  in  modern  river  crayfish.  Thus  the 
Cambarus  prinuFvus  Packard  of  the  Green  River  beds  (Eocenic)  of 
Wyoming  is  a  close  relative  of  the  modern  (',  affinis  of  the  same  region. 
This  persistence  of  species  in  the  same  watercourses  is  in  strong  con- 
trast with  the  modifications  which  they  undergo  as  they  enter  different 
regions,  where,  presumably,  they  are  cut  off  from  constant  intercrossing 
with  the  parent  stock.  With  river  organisms,  geographic  dispersion 
seems  to  be  conducive  to  speciiic  modifications,  but  persistence  in  a  given 
region  during  a  long  period  of  time  seems  to  bring  with  it  a  persistence 
of  type. 

Conclusions  regarding  the  origin  of  the  Shawangunk  and  Longwood 
deposits. — Having  now  shown  that  the  salt  deposits  of  the  Salina  are 
best  explained  on  tlie  hyjiothesis  of  desert  conditions  without  connection 
with  the  sea,  and  that  Eurypterids  are  river  rather  than  marine  animals, 
we  have  no  longer  any  excuse  for  withholding  our  recognition  of  the 
subaerial  or  deltaic  origin  of  these  two  deposits.  The  Shawangunk  was 
formed  as  a  delta  by  streams  coming  from  the  highland  of  Appalachia, 

*"Tbe  Pittatord  atiales.  slow  the;  conlsln  tbe  last  ot  tbe  Ouelph  BedlmeDm.  mlglii 
Jnat  u  well  be  aalttd  wllh  thr  NlegarHn  ■■  a  cIcibIdk  deposit.  Tbe  depoaltlon  of  Ox 
ShAwangunlE  In  tbe  east  probably  commeDced  before  Oiielpb  depoaltloD  in  tbe  loterM 
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in  the  region  now  forming  southern  New  York  and  northern  New  Jersey, 
und  spread  out  northward,  westward,  and  southward  to  the  borders  of 
the  contracted  Niagaran  Sea,  in  which  the  last  survivors  of  the  marine 
Guelph  types  existed.  Besides  some  of  the  river-borne  sediment,  in- 
numerable carapaces  and  perhaps  many  living  Burypterids  were  carried 
into  this  sea,  which  at  times  may  have  been  c-unverted  into  a  fresh-water 
body,  Witli  continued  aridificatioii  of  the  climate,  owing  probably  to  a 
progressive  rise  of  the  old-iand  region  and  a  further  obstruction  of  the 
moisture-bearing  winds  from  the  east,"  the  interior  water  body  was  com- 
pletely evaporated  and  its  salt  content  laid  down  in  the  deeper  depres- 
sions. Continued  aridity  permitted  the  deposition  of  the  oxidized  muds 
and  oxidized  sands  now  forming  the  red  sandstones  and  shales,  while 
salt  and  gypsum  derived  from  the  leaching  and  disintegration  of  the  old 
marine  sediments  were  accumulating  in  the  central  basin.  This  period 
was  brought  to  a  close  by  the  transgression  of  the  Upper  Siluric  or  Lower 
Monroan  Sea  from  the  general  region  of  Maryland  southward  and  west- 
ward. A  part  of  the  Salinan  red  sediments  was  reworked  and  incor- 
porated as  marine  sediments  with  ostracods,  etcetera,  in  the  Lower 
Monroan,  which  elsewhere  is  a  pure  clastic  limc-mud  rock.  The  Camillus 
shale  of  New  York  may,  in  part  at  least,  belong  to  this  period.  Finally, 
in  Upper  Monroan  time,  open  connection  with  a  southern  sea  in  the 
Pennsylvania  and  Maryland  region  permitted  the  extensive  growth  of 
the  Stromatopora  and  coral  reefs  with  their  attendant  clastic  deposits. 
These  extended  into  Michigan  and  probably  joined  a  ximilar  transgres- 
sion of  the  Pacific  from  the  northwest.  The  peculiar  basins  in  which 
the  Bertie  water-lime  was  forming  belong  to  this  period,  and  they  were 
eventually  superseded  by  the  extended  transgression  of  the  sea,  which 
made  the  widespread  development  of  the  Cobleskill  formation  possible. 
The  ManliuB-Lucas  epoch  succeeding  marks  the  widespread  reeatablish- 
mcnt  of  marine  conditions  in  North  America.* 

It  should  be  noted  that  the  clastic  deposits  of  the  Upper  Siluric  period 
still  denote  a  general  arrangement  of  easterly  winds,  and  of  high  lands 
on  the  eastern  border  of  the  continent  to  intercept  them,  and  the  con- 
sequent prevalence  of  arid  or  semiarid  conditions  on  the  western  slopes 
of  this  land.  A  fact  which  may  have  considerable  significance  is  that 
the  centers  of  deposition  had  shifted  to  the  northeast,  having  been  in 
Tennessee  and  in  central  Pennsylvania  in  Upper  Ordovicic  time,  but  in 

•  Thcw  marine  traoiiicm 
dlscusard  In  Ihr  monoErap 
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nortliem  Pennsylvania  in  Upper  Siluric  time.  lu  Upper  Devonic  time 
one  or  more  of  the  centers  beeame  shifted  still  farther  to  the  north, 
though  an  additional  center  seema  to  have  persisted  in  Pennsylvania. 
Finally,  in  Mi^issippie  and  Carbonic  time,  a  southwurd  migration  of 
the  centers  of  deposition  set  in  again.  The  discussion  of  these  facts, 
together  with  the  details  of  the  deposits  involved,  are  reserved  for  & 
subsequent  paper. 
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At  tbe  meetiDg  of  this  Society  in  December,  1911,  the  senior  author 
presented  a  paper  under  the  same  title  as  that  above.'  In  that  paper  it 
was  set  forth  as  having  been  determined  in  the  preceding  summer  that 
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the  high  flat-topped  ridges  of  Cretaceous  rocks  east  of  tlie  Rocky  Moun- 
tain front  in  the  region  of  Glacier  Park,  Montana,  are  capped  with 
deposits  of  glacial  drift  which,  because  of  its  topographic  relations  and 
surficial  modification  by  weathering,  was  regarded  aa  mncb  older  than 
the  drift  in  the  intervening  valleys.  The  valley  drift  was  deposited  by 
the  mountain  glaciers  at  the  time  of  their  last  extension,  which  is  re- 
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garded  as  having  been  practically  coincident  with  the  Wisconsin  stage 
of  continental  glaciation.  At  that  time,  in' 1911,  the  extension  of  the 
high-level  drift  eastward  from  the  mountain  front  and  its  relations  to 
the  quartzite  gravels,  described  by  Calhoun,  Dawson,  and  McConnell, 
as  found  to  the  eastward,  had  not  been  fully  determined,  neither  was  it 
known  what  was  the  relation  of  this  pre-Wisconain  drift  to  the  "Albertsn" 
drift  of  Dawson. 
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In  September  and  October,  1913,  the  writers  examined  the  deposita 
oa  moet  of  the  other  remnants  of  the  hi^-level  plains  in  this  region — 
that  Ib,  in  the  Blackfeet  Indian  Beaerration  eaat  of  Glacier  Park — and 
made  a  reconnaissance  trip  in  southern  Alberta  to  examine  the  relations 
of  the  deposits  described  by  Dawson  and  McConnell.  In  the  course  of 
this  trip  the  writers  cros&ed  tlie  boundary  September  9  and  moved  by 
stages  northward,  camping  a  few  days  in  each  place,  to  Macleod,  spent 
a  day  in  the  vicinity  of  Lethbridge,  went  westward  up  the  valley  of  Old- 
man  River  to  a  few  miles  beyond  the  junction  of  the  north  and  soath 
forks  of  this  stream,  examined  a  portion  of  the  southern  part  of  Porcu- 
pine Hills,  went  southward  from  Pincher  to  Waterton  lakes,  and  thence 
eastward  around  the  foothills  past  Upper  Belly  Biver,  and  finally  re- 
crossed  the  International  Boundary  at  Pike  Lake  west  of  Saint  Mary 
River  on  October  3.  While  the  opportunities  afforded  by  such  a  trip  so 
lat«  in  the  season  did  not  permit  of  exhaustive  studies  in  any  place,  yet  it 
afforded  an  excellent  general  view  of  the  composition  and  relations  of  the 
several  Pleistocene  deposits  and  furnished  a  basis  for  interpretations  pre- 
sented in  this  paper. 

Deposits  ok  Belly  River  Ridge 

Between  Belly  River  on  the  west  and  the  heads  of  Lee  Creek  on  the 
oast  a  high  ridge,  which  may  be  designated  as  Belly  River  Ridge  (plate 
13),  extends  northward  to  a  point  5  nr  <i  miles  across  the  boundar}'.  At 
the  abrupt  north  end  this  stands  about  1,300  feet  above  Bell;  River,  or 
aboat  5,760  feet  above  sealevel.  This  ridge  is  capped  with  about  100 
feet  of  glacial  drift,  which  is  expose<l  in  several  places  in  scarps  left  by 
landslides  on  the  underlying  Cretaceous  or  Tertiary  clays  and  shales. 
The  drift  is  composed  of  angular  to  subangular  (and  some  well  rounded) 
pebbles  and  boulders  up  to  5  feet  in  length,  representing  the  several 
kinds  of  rock  from  the  mountains,  embedded  in  a  matrix  of  day. 
Glacially  scored  stones  are  not  abundant,  but  search  resulted  in  finding 
numerous  well  striated  pebbles  of  greenish  argillite  (plate  14,  figure  1). 
In  the  upper  part  there  are  almost  no  pieces  of  limestone,  though  these 
are  plentiful  lower  down.  Evidently  such  have  been  removed  by  solu- 
tion, and  ledges  of  tiUite  outeropping  10  to  15  feet  below  the  top  of  the 
section  show  the  results  of  cementation  by  the  calcium  carbonate  carried 
down  by  percolating  waters. 

The  drift  here  is  of  the  same  character  as  that  found  in  1911,  8  to  10 
miles  farther  south  on  this  same  ridge,  west  of  Chief  Mountain,  at  eleva- 
tions of  6,000  to  6,300  feet  above  the  sea,  and  also  on  Kennedy,  Swift 
Canent,  Boulder,  Saint  Mary,  and  other  ridges  near  the  mountain  front. 
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with  Bunilar  topographic  relatione,  so  that  it  is  evident  that  there  is  here 
another  remnant  of  the  pre-Wiscousin  j^lacial  drift 

«  BiDQB  East  of  Waterton  Lakes 

Looking  west  from  the  top  of  Belly  River  Bidge,  there  ia  a  fine  view 
of  the  north  end  of  the  Lewis  Bange,  a  few  miles  north  of  the  Interna- 
tional Boundary.  From  the  horizon  o£  the  Ijewis  overthrust,  at  the  base 
of  the  bold  cliffs  of  pre-Cambrian  limestone,  a  long  low  elope,  developed 
on  the  soft  Cretaceous  and  Tertiary  rocks,  extends  several  miles  north- 
ward. Btstng  above  this  slope  is  a  narrow  wooded  ridge,  the  straight 
though  notched  top  of  which  is  a  remnant  of  the  higher  level  on  which 
the  observer  stands.  West  of  this  are  Waterton  lakes.  This  ridge  was 
not  examined,  but  it  is  thought  probable  that  this  also  is  capped  with  the 
pre-Wisconsin  glacial  drift 

Absence  or  Peneplain  Bbunants  in  sodthebx  Alberta 

As  far  as  we  traversed  the  plains  of  southern  Alberta  to  the  northwest 
and  north,  no  other  remnants  of  the  high-level  plains  were  seen.  Even 
the  Porcupine  Hills,  so  far  as  seen,  show  nothing  of  such  a  high-plain 
surface.  It  is  possible  that  some  slight  remnants  of  the  peneplain  persist 
close  to  the  mountain  front  at  places  which  we  did  not  examine,  but  it 
is  evident  that  Willis's  Blackfoot  peneplain  surface  has  been  almost  en- 
tirely cut  away  from  southern  Alberta,  unless  it  be  represented  by  the 
top  of  Milk  Biver  Bidge,  which,  in  the  part  north  of  the  boundary,  is 
farther  east  than  the  line  of  our  traverse. 

Behnantb  of  Peneplains  in  Browninq  and  Blackfoot 
Quadrangles,  Montana 

South  of  the  49th  parallel,  in  the  Browning  quadrangle,  the  geology 
of  which,  especially,  is  being  studied  by  Mr.  Stebinger,  and  in  the  north- 
western part  of  the  Blackfoot  quadrangle,  there  is  the  best  preservation 
of  remnants  of  the  high-level  plains  found  anywhere  in  the  region.  Over 
a  triangular  area  having  an  extent  of  about  30  miles  from  north  to  south 
and  about  the  same  from  east  to  west  there  are  15  or  20  more  or  less 
distinct  remnants  of  the  ancient  plain  surfaces  having  a  total  extent  of 
100  square  miles.  The  nearly  flat,  plain  surfaces  of  the  bedrock  under- 
neath the  surficial  deposits  on  these  elevated  plateaus  are  planes  of  erosion 
developed  indiscriminately  over  the  flat-lying  Cretaceous  and  Tertiary 
beds  and  over  the  upturned  edges  of  the  strata  in  the  zone  of  folding 
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and  fftolting  which  borders  the  moUDtain  front.  Taken  together,  they 
represent  Willis's  Blackfoot  peneplain,  the  development  of  which  he  re- 
garded as  of  early  Tertiary  age  and  one  of  the  primary  antecedents  of 
the  Lewis  overthniBt.'  The  question  whether  or  not  the  peneplanation 
represented  by  these  remnants  of  high-level  plains  occurred  prior  or  Bab- 
sequent  to  the  time  of  the  Lewis  overthrust  need  not  be  considered  in 
this  connection.  A  noteworthy  and  fortunate  circumstance  is  the  re- 
markable preservation  of  these  remnants  in  this  part  of  the  region. 

BeASON    of    DlFFEBENCE    IS    TOPOORAPHIC    DBTELOPHEHt 

The  original  extent  of  the  Blackfoot  plain  to  the  northwest,  north,  and 
northeast  is  not  known,  but  it  may  well  be  supposed  to  have  extended  to 
and  over  the  site  of  the  Porcupine  Hills.  Most  of  the  region  north  of 
the  49th  parallel  is  tributary  to  Saskatchewan  River  and  Hudson  Bay 
by  way  of  Bow  and  Belly  rivers  and  their  tributaries.  The  distance  to 
tidewater  by  way  of  these  streams  is  much  less  than  by  way  of  Missouri 
River,  whose  tributaries  drain  the  areas  of  the  Browning  and  adjacent 
quadrangles.  Though  the  streams  were  working  in  the  same  kinds  of 
rocks,  the  area  north  of  the  boundary  was  thus  the  more  rapidly  denuded. 
Moreover,  owing  to  this  ascendancy,  or  to  some  other  contributory  cause, 
the  waters  from  that  part  of  the  east  slope  of  the  mountains  between  the 
boundary  and  North  Fork  of  Cutbank  Creek  were  diverted  northward 
via  Saint  Mary  River  to  the  Hudson  Bay  system,  thus  almost  totally 
depriving  the  branches  of  Milk  River  of  receiving  any  of  the  mountain 
waters.  In  consequence  of  this,  while  the  adjacent  region  in  southern 
Alberta  was  denuded  of  hundreds  of  feet  of  rock  by  vigorous  streams 
heading  in  tlie  mountains,  totally  obliterating  the  Blackfoot  peneplain 
and  developing  in  He  stead  a  lower  hilly  surface,  the  comparatively  feeble 
streams  on  the  headwaters  of  Milk  River  cut  only  broad  valleys  100  to 
400  feet  in  depth,  with  tributary  coulees  dissecting,  but  not  obliterating, 
the  high-level  plain. 

So,  also,  farther  south,  where  the  tributaries  of  Cutbank  Creek  and 
Two  Medicine  River  head  in  the  mountain  valleys  and  flow  eastward 
across  the  adjacent  plain  to  Missouri  River  by  a  more  direct  route  than 
that  followed  by  Milk  River,  the  extent  of  denudation  of  the  plain  is 
mote  nearly  comparable  to  that  in  southern  Alberta,  and  no  uneroded 
remnants  of  the  peneplain  are  found  until  one  reaches  the  divide  between 
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Badger  and  Blacktail  creeks,  where  again  there  is  an  area  drained  by 
Btreama  which  do  not  head  in  the  mountains. 

Blackfoot  Penbplaik  and  Cycles  of  Ebobion 

The  renmants  of  the  high  plain  and  the  deposits  thereon  in  the  Brovn- 
ing  quadrangle  and  adjacent  northwest  part  of  the  Blackfoot  quadrangle 
are  thus  very  significant  in  the  interpretation  of  the  physiographic  and 
glacial  geology  of  the  region. 

Calhoun*  pointed  out  evidence  of  Beveral  cycles  of  erosion  noted  during 
the  course  of  his  observations  in  this  area.  Our  interpretations  are  some- 
what  different  in  details,  but  much  the  same  in  general.    The  remnants 


FlQDH  2. — ri«W  mrtkeatttBard  from  Brotenitig-Bahh  Bttgt  &ond  On  tIM  Ci-Ml  0/  MBk 

KUer  Ridge 

Sbowing  the  relallona  of  the  second  peneplain    (In  foresround)    to  a  rcnmBat  at  the 

flrat  or  Blackfoot  peoeplaln  la  background.     (From  photosrsph,  partlj  diagrammatic  lo 

foresTOund.) 

of  the  high-level  plains  in  the  Browning  and  Blackfoot  quadrangles  in- 
stpad  of  repreHtnting  a  wingle  peneplain  appear  to  represent  two  plains  or 
sets  of  plains.  The  name  "Blackfoot,"  proposed  by  Mr.  Willis*  for  the 
peneplain,  if  it  is  to  be  applied  to  the  initial  physiographic  features  of 
this  part  of  the  plains,  as  he  indicated,  should  be  limited  to  the  plain  rep- 
reBent«d  hy  the  highest  and  oldest  surfaces  on  these  ridges.  The  locatioDs 
and  extent  of  these  tracts  are  shown  on  plate  13.  On  Milk  River  Bidge 
this  peneplain  includes  only  the  higher  parts  of  the  ridge  immediately 
north  of  North  Fork  of  Cutbank  Creek  and  an  isolated  high  plateau  in 
township  35  north,  range  11  west,  14  miles  northeast  of  the  head  of  the 
main  part  of  the  ridge.  This  head  of  the  ridge  is  in  township  33  north, 
range  13  west,  and  has  an  elevation  of  0,900  feet  above  tide.  From  the 
flat  top  at  this  elevation  a  steep  slope,  apparently  due  to  cutting  down 


•F.  H.  H.  CalbouD:  The  Uoutana  lobe  of  the  Keewalln  Ice-sheet     Protcwlonftl  F 
No.  CO,  V.  8.  Oeol.  Surrer.  1906.  pp.  6  and  9. 
■Bull.  Oeol.  Soc.  Am.,  toI.  13,  p.  810, 
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frrau  the  higher  level,  declinee  northeastward  300  feet  in  a  distance  of 
IV^  miles.  Beyond  this  for  a  distance  of  19  miles  the  remarkably  nni- 
foi-m,  flat  surface  declines  northeastward  at  an  average  rate  of  about  50 
feet  per  mile.  One  traversing  this  gently  sloping,  second  plain  sees  near 
the  middle  of  the  east  boundary  of  the  Browning  quadrangle,  in  town- 
ship 3.5  north,  range  11  west,  the  remnant  of  the  higher  level  standing 
with  abrupt  marginal  slopes  and  flat  top  100  fpet  or  more  above  the 
second  plain  on  which  he  stands.  The  relations  are  illustrated  in  figure  3. 
Small  remnants  of  this  upper  level  are  also  found  on  the  highest  parts  of 
Horaethief  Bidge  and  Landslide  Butte,  15  to  19  miles  farther  east.  Simi- 
lar relations  of  a  higher  level  and  a  second  lower  level  are  found  on  the 
ridge  between  the  South  Fork  and  Middle  Fork  of  Milk  Hiver,  and  also 
on  the  ridge  between  Middle  and  North  Forks  of  Milk  Biver.  The  rela- 
tions are  such  as  to  indicate  that  following  the  development  of  the  highest 
plain,  the  Blackfoot  peneplain,  a  moderate  elevation  of  the  region  oc- 
curred during  which  this  first  plain  was  dissected.  The  elevation  prob- 
ably was  not  great  and  the  stream  gradients  were  low;  so  that  broad, 
Bhallow  valleys  were  eroded,  developing  the  second  set  of  smooth,  fiat, 
gently  sloping  plains.  The  directions  of  slope  of  the  remnants  of  the 
highest  plain  are  not  in  all  places  clearly  toward  present  drainage  lines. 
Those  of  the  second  set,  however,  are  toward  the  present  drainage  lines, 
indicating  that  the  main  streams  of  the  present  system  are  following  the 
lines  of  those  of  the  second  stage,  but  st  relatively  lower  levels. 

Following  this  stage  of  erosion  renewed  uplift  caused  dissection  of  the 
second  set  of  plains  and  the  development  of  the  broad,  open  valleys,  into 
the  bottoms  of  which  the  present  streams  have  incised  their  channels. 
The  third  set  of  smooth,  gently  sloping  valley  plains,  those  developed  at 
this  stage,  are  represented  by  the  little  dissected  plain  of  the  North  Fork 
nf  Milk  Biver,  the  more  dissected  valley  slopes  of  Middle  Fork,  Livennore 
Creek,  and  South  Pork  of  Milk  Elver,  the  plain  between  Oreasewood  and 
Cutbank  creeks  and  by  Carlow  Flat. 

Wisconsin  Staoe  of  Glaciation  and  the  third  Set  of  Plains 

The  development  of  the  third  set  of  plains  was  followed  by  the  Wis- 
consin stage  of  glaciation.  At  this  stage  Saint  Mary  Glacier  was  diverted 
northward  down  the  great  open  trough.  In  the  vicinity  of  Duck  and 
Goose  lakes  the  ice  overtopped  Saint  Mary  Bidge  and  spread  eastward 
onto  the  head  of  the  North  Fork  plain.  Cutbank  Glacier  extended  down 
Cutbank  Valley  nearly  12  miles  beyond  the  mountain  front  onto  the  plain 
between  Greasewood  and  Cutbank  creeks,  and  a  small  lobe  occupying  the 
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spillway  afforded  by  the  sag  in  the  crest  of  Itfilk  Hirer  Ridge  encroached 
on  the  plain  in  the  head  of  the  Talley  of  South  Fork  of  Milk  River.  The 
ice  heading  in  the  upper  part  of  Two  Medicine  Valley,  in  Marias  Pase, 
and  in  the  valleys  to  the  south  united  to  form  Two  Medicine  Glacier, 
spread  eastward  about  38  miles  from  the  mountain  front,  and  encroached 
on  Carlow  Flat.  Waters  from  the  melting  of  these  glaciers  and  from  the 
subsequent  drainage  of  the  area  cut  into  these  plains  of  the  third  set,' 
eroding  the  inner  valleys  occupied  by  the  present  streams,  some  of  which, 
notably  that  of  North  Fork  of  Milk  River,  are  very  sharp.  The  relations 
of  the  glaciers  to  these  topographic  features  thus  definitely  determine 
tiiat  the  third  set  of  plains  was  developed  prior  to  the  last  great  extension 
of  the  mountain  glaciers. 

To  the  north  of  the  Browning  and  Blackfoot  quadrangles  the  dissection 
of  the  plains  was  carried  so  far  at  these  several  stages  of  erosion  that  no 
remnants  of  the  higher  levels  have  been  recognized  excepting  those  de- 
scribed on  the  east  sides  of  Waterton  lakes  and  Belly  River  Valley,  To 
the  south  the  only  remnants  of  the  higher  plains  noted  are  those  seen  by 
Mr.  Stebinger  between  Birch  and  Badger  creeks.  . 

Pbb-Wi8coN8in  Drift  on  the  Blackfoot  Peheplaih 

Observations  in  1911  and  1918  determined  that  the  flat  top  of  each  of 
the  high  ridges  near  the  mountain  front  was  underlain  by  a  deposit  of 
glacial  drift  (plate  14,  figures  3  and  4;  plate  15,  figure  5),  in  most  places 
unmodified  till,  varying  in  thickness  up  to  a  maximum  of  about  250  feet 
on  Saint  Mary  Ridge,  which  was  clearly  much  older  than  the  drift  left 
by  the  mountain  glaciers  of  the  last  great  extension. 

In  this  connection  it  may  be  noted  that  tme  of  the  finds  of  the  past 
season  was  an  excellent  exposure  of  the  ilrift  on  the  east  side  of  Saint 
Maiy  Ridge.  In  the  woods  on  the  north  slope  of  the  valley  of  one  of  the 
branches  of  Livermore  Creek  which  cuts  the  east  slope  of  the  big  ridge 
6  miles  due  west  of  Horse  Lake,  in  southeast  ^,  section  6,  township  34 
north,  range  13  west,  at  an  elevation  between  5,700  and  5,800  feet  above 
the  sea,  is  a  clean  scarp  due  to  slumping  on  the  underlying  Cretaceous 
shale.  The  scarp  is  about  75  yards  long  and  has  a  maximum  height  of 
about  25  feet.  At  the  west  end  a  mass  of  the  drift  has  crept  out  on  the 
shale,  leaving  a  rift  5  to  10  feet  wide  and  15  feet  deep  above  the  filling  in 
the  bottom.  In  the  western  half  of  the  exposure  the  upper  10  to  12  feet 
consist  of  sand  and  gravel  intorstratified  with  glacial  till ;  below  this  are 
15  feet  of  coarse,  bouldery  till  (plate  14,  figure  5).  Some  of  the  finely 
striated  boulders  in  this  are  6  to  6  feet  in  length.     The  pebbles  and 
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bouldere  are  eicluBively  from  the  mountain  rocVs,  mostly  quartzite  and 
red  and  green  argillite,  with  some  of  dlorite  and  some  from  the  JimeBtpneff 
which  Willis  called  the  Siyeh  and  Altyn  limestones.  Many  of  the  pebbles 
of  the  last  mentioned,  in  the  upper  part  of  the  section,  are  rotted  to  a 
loose,  buff  powder,  as  the  result  of  solution.  In  places  streaks  of  the 
stratified  sand  are  cemented  to  hard  sandstone,  and  below  the  upper  5 
feet  the  till  is  cemented  to  a  hard  tillite  by  the  calcium  carbonate  rede- 
poeited  by  the  downward  percolating  waters. 

Examination  showed  also  that  the  flat  top,  on  that  part  of  the  Hudson 
Bay  divide  between  a  point  south  of  Spider  fjake  and  the  gap  south  of 
Galbraith's  ranch,  well  above  the  marginal  moraine  of  Saint  Mary  Gla- 


Fiauai:  S.—Vtem  laoliing  Bafltrard  from  a  Pulnt  about  i  Milei  Sorlh  of  Dutt  I^te 
Sbowing  relatlona  of  tbe  terminal  moraine  of  i^alal  Mary  Glatler.  ol  Wisconsin  atagp 

at  gUcUllDD,  to  the  north  slope  of  the  Uudson  Hay  Divide,  on  wboae  top  lies  pre-WlM- 

coDslD  glaclml  drift.     (From  phatogt>.ph.) 

cier,  is  capped  in  the  western  part  by  15  to  25  feet  or  more  of  glacial  till, 
and  farther  east  by  thin,  gravelly  drift  containing  striated  pebbles  of 
greenish  argillite  (plate  1;^,  figure  1).  The  superficial  deposits  on  that 
part  east  of  the  gap  south  of  flalbraith's  ranch  was  not  carefully  exam- 
ined. The  top  of  the  ridge  where  capped  with  this  drift  declines  eastward 
in  5  railes  from  fl,300  feet  above  tide  to  5,100  feet.  The  marginal  mo- 
raine of  Saint  Mary  Glacier,  looping  back  to  the  northwest  on  the  north 
side  of  Goose  Lake  (plate  13),  crosses  the  highest  part  of  the  ridge  at  the 
west  end,  doubles  sharply  back  to  an  eaat-northeafiterly  trend,  and  grad- 
ually descends  the  steep  north  slope  of  the  ridge  until  it  lies  on  the  plain 
several  hundred  feet  below  the  drift  on  the  top  of  the  divide  (figure  3). 
It  is  thus  clear  that  the  latter  deposit  is  not  referable  to  the  Wisconsin 
stage  of  glaciation.  The  elevation  of  the  top  of  the  ridge  correlates  it 
with  that  part  of  Saint  Mary  Ridge  between  Puck  Trfike  and  Divide 
Mountain  as  a  remnant  of  the  highest  plain. 
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Heading  at  a  point  1  mile  QoitheaHt 
of  Dftvie  Ranch  and  about  4  miles  east  of 
the  east  end  of  Duck  lAke  (plate  13), 
and  extending  thence  northeastward  i 
distance  of  8  miles,  is  another  abrupt 
ridge  with  remarkably  smooth,  flat  top 
(figure  4),  This  high-level  plain  has  a 
maximum  width  of  about  1^  miles  and 
is  another  remnant  of  the  highest  and 
oldest  plain.  In  the  northeastern  part 
of  township  36  north,  range  11  west,  Hie 
ridge  has  been  lowered  by  erosion,  but 
one  going  northeastward  about  5  miles 
across  the  gap  reaches  the  head  of  an- 
other like  remnant  of  the  highest  plain, 
in  northwest  %,  section  31,  township  37 
north,  range  10  west,  which  ext^ds 
thence  northeastward  nearly  to  the  Inin^ 
national  Boundary.  A  small  remnant  of 
the  same  plain  persists  as  the  top  of  the 
ridge  between  the  head  of  Kennedy  Cou- 
lee on  the  north  and  South  Pork  of  Milk 
River  on  the  south. 

These  remnants  of  the  highest  plain 
are  underlain  by  a  deposit  of  gravel, 
mostly  quartzite  and  red  and  green,  si- 
liceous  argillite,  with  some  diorit«8,  all 
from  the  itinuntains.  The  tops  and  slopes 
of  the  ridges  are  grassed  over,  and  it  ib 
only  at  intervals  around  the  margins  of 
the  tops  that  as  much  as  1  to  3  feet  of 
the  deposit,  which  is  probably  thin,  is 
exposed. 

No  striated  pebbles  were  noted  east  of 
range  11  west,  but  in  the  vrestem  part 
of  this  township  and  at  a  point  nearly 
north  of  Stones  Ranch,  township  36 
north,  range  18  west,  pection  23,  careful 
search  revealed  some  pebbles  of  greenish 
argillite  with  faint  striations  suggesting 
glaciation,   but   not  indisputable.     The 


s  * 

I 
I 


Di„i6.db,Googlc 


DRIFT  ON  THE  BLACKPOOT  PENEPLAIN  539 

pebbles  at  tbis  place  are  aubangular  to  well  rounded  and  rsQge  In  size 
from  Bmall  pebbles  to  boulderg  1%  feet  in  length.  A  brief  but  careful 
examination  near  the  west  end  of  the  north  slope,  northeast  of  Davia 
Ranch,  where  the  turf  was  broken  by  small  scars  due  to  slumping,  re- 
vealed pebbles  of  greenish  argillite  clearly  marked  with  finely  graven 
8tri«  characteristic  of  glaciation  (plate  15,  figure  2). 

On  the  ridge  south  of  Dry  Fork  and  Middle  Fork  of  Milk  River  is  the 
next  remnant  of  this  highest  plain.  That  part  west  of  the  stage  road, 
representing  this  highest  level,  Js  very  narrow,  most  of  the  top  of  the 
ridge  having  been  lowered  to  the  second  plain.  On  the  slope  at  ihe  west 
end,  in  northeast  %,  section  27,  township  35  north,  range  13  west,  striated 
pebbles  were  plentiful,  and  also  at  the  scarp,  due  to  slumping  in  northeast 
%,  section  13,  of  the  same  townships,  where  3  feet  of  weathered  gravelly 
drift  is  exposed  (plate  14,  figure  3).  The  deposit  on  the  main  highest 
part  of  the  ridge,  east  of  the  stage  road,  was  not  examined,  but  on  a  small, 
isolated  remnant  of  this  highest  plain,  in  section  12,  township  35  north, 
range  IS  west,  gravelly  drift  was  found  containing  well  striated  pebbles 
of  greenish  argillite  (plate  15,  figure  3>.  This  drift-covered  remnant  of 
the  bluest  plain  is  between  16  and  18  miles  east  of  Flattop  Mountain, 
and  at  the  west  end  stands  65  to  75  feet  higher  than  the  top  of  the  ridge 
to  the  west,  which  represents  the  second  plain. 

Going  4  miles  farther  in  a  direction  somewhat  south  of  east  across  the 
South  Fork  Valley,  one  reaches  the  most  easterly  remnant  of  the  highest 
plain  on  which  striated  pebbles  were  found,  that  in  township  35  north, 
range  11  west.  This  has  a  maximum  width  of  about  1%  miles  and  a 
lengi^h  from  north  to  south  of  3^  miles.  At  points  3  miles  apart  gla- 
cially striated  pebbles  were  foimd.  although  here  aa  elsewhere  only  peb- 
bles of  greenish  argillite  have  bo  far  resiBted  surficial  etching  as  to  retain 
the  striw  (plate  15,  figure  4),  and  from  a  large  part  of  these  the  finely 
graven  scratches  have  been  removed.  The  drift  js  coarse  and  gravelly, 
with  pebbles  ranging  in  size  from  fine  to  1  foot  in  length  and. in  shape 
from  subangular  to  well  rounded.  The  deposit  is  exposed  in  the  upper 
part  of  the  abrupt  marginal  slope,  not  in  a  clean,  undisturbed  section,  so 
that  it  was  not  satisfactorily  determined  whether  it  constitutes  a  strati- 
fied, water-laid  deposit,  such  aa  glacial  outwash,  or  whether  it  is  the 
coarse  residuum  of  a  deposit  of  unmodified  glacial  till. 

Time  and  Extent  op  the  first  Mountain  Glaciation 

As  has  been  indicated,  unmodified  glacial  till  occurs  m  situ  on  Belly 
River  Ridge,  nearly  10  miles  north  by  west  from  Chief  Mountain;  on  . 
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Kennedy  Ridge;  on  Hudson  Bay  Divide,  about  10  miles  east  by  north 
from  Yellow  Mountain;  on  Swift  Current  Ridge  and  Boulder  Ridge;  on 
Saint  Mary  Ridge;  4  to  6  miles  east  of  the  mountain  front,  on  the 
highest  parts  of  Milk  River  Ridge,  as  far  as  6  miles  out  from  the  moun- 
tain front,  and  on  the  highest  parts  of  Gutbank  and  Two  Medicine  ridges; 
Bo  that  it  is  evident  that  there  was  a  pre-Wisconsin  exteneion  of  the 
mountain  glaciers  well  out  beyond  the  mountain  front.  We  are  not, 
however,  prepared  to  prove  that  the  ice  extended  so  far  as  the  remnant 
of  the  highest  plain  in  township  35  north,  range  11  west — that  is,  20 
miles  out  on  the  plain — or  that  this  extension  occurred  prior  to  the  dis- 
section of  the  highest  plain  surface,  that  of  the  Blackfoot  peneplain. 

It  is  unfortunate  that  the  exposure  of  the  drift  on  this  isolated  mesa 
(figure  2)  is  such  that  we  were  unable  to  determine  whether  it  was  water- 
laid,  such  as  a  deposit  of  glacio-fluvial  outwash  gravels,  or  whether  it  a 
the  coarse  residuum  left  in  situ  by  the  leacliing  and  washing  out  of  the 
finer  material  of  the  matrix  of  unmodified  glacial  till.  If  it  is  glacial 
outwash,  it  is  evident  that  while  the  ice  did  not  reach  this  far  out  on  the 
plain,  the  glacial  extension  occurred  prior  to  the  dissection  of  this  part 
of  the  highest  or  Blackfoot  peneplain  and  the  development  of  the  next 
lower  plain,  which  forms  most  of  the  top  of  Milk  River  Ridge.  Qraveb 
could  not  be  washed  from  the  lower  plain  up  onto  one  which  is  50  to  100 
feet  or  more  higher. 

On  the  other  hand,  if  this  be  regarded  as  the  residuum  of  a  deposit  of 
unmodified  glacial  till,  it  appeare  that  while  the  ice  must  have  extended 
thus  far— that  is,  20  miles — from  the  mountain  front  in  order  to  leave  a 
deposit  of  till  in  this  position,  euch  a  glacier  might  have  spread  out  on 
the  second  plain  already  developed  and  have  extended  thence  up  ovpr 
remnants  of  the  older  and  higher  plain.  It  may  be  stated,  however,  thai 
the  topographic  relations  of  the  highest  drift-capped  remnants  to  the 
remnants  of  the  second  plain  arc  just  such  as  would  l>e  expected  if  it 
were  known  that  the  earliest  extension  of  the  mountain  glaciers  occurred 
prior  to  the  development  of  the  second  plain.  The  most  significant  rem- 
nants stand  mesa-like  (figure  3)  above  the  levels  of  tracts  of  the  second 
plain  between  them  and  the  mountains.  The  abrupt  marginal  slopes 
facing  the  mountains  have  no  drift  banked  against  them  leading  down  to 
the  lower  level.  The  only  drift  on  the  slopes  is  a  sprinkling  of  pebbles 
let  down  by  the  recession  of  the  slopes;  the  marginal  slopes  toward  the 
mountains  are  eroded  and  not  coated  by  drift  deposits.  Bordering  coulees 
would  hardly  have  been  left  unfilled  with  drift  or  have  been  excavated  in 
such  positions  were  there  drift  slopes  leading  up  from  the  second  to  the 
highest  plain. 
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BegardleBB  of  the  exact  mode  of  the  deposition  of  the  drift  on  theee 
highest  outUere,  we  think  there  is  some  ground  for  the  opinion  that  the 
earli^t  gUciation  occurred  prior  to  the  development  of  the  second  set  of 
plains. 

Deposits  on  Hohbethibf  Ridoe  and  Landslide  Suite 

The  moBt  easterly  remnants  of  the  highest  plain  known  to  the  writers 
are  found  in  the  highest  parts  of  Horsethief  Ridge,  southeast  ^,  section 
14,  township  35  north,  range  9  west,  and  Landslide  Butte,  township  36 
north,  range  8  west,  distant  about  35  and  40  miles  respectively  from  the 
mountain  front.  Both  these  tops,  on  which  are  triangulation  stations, 
are  approximately  4,650  feet  above  tide  water,  or  350  feet  lower  than  the 
mesa  top  just  described.  The  highest  part  of  Horsethief  Ridge,  which  ii 
a  few  square  rods  in  extent,  is  capped  with  a  deposit  of  coarse  gravel 
similar  to  that  on  the  high  plains  to  the  west.  The  pebbles,  which  range 
in  size  from  a  fraction  of  an  inch  to  1  foot  in  diameter,  are  composed 
exclusively  of  mountain  rocks — pink,  gray,  and  white  quartzit«s,  maroon 
and  greenish  argillite.  In  shape  the  pebbles  are  subangular,  with  more 
or  less  flat  faces,  edges  largely  smoothly  rounded,  but  not  very  well 
rounded,  even  among  the  smaller  pebbles.  No  pebbles  were  found  with 
glacially  striated  surfaces.  The  only  difference  in  character  between  this 
and  the  deposit  on  the  ridge  350  feet  higher  and  15  miles  farther  west  is 
the  apparent  absence  of  striated  pebbles  on  Horsethief  Ridge.  If  they 
are  parts  of  the  same  deposit,  as  seems  probable,  and  if  the  deposit  was 
made  by  outwaah  from  glacial  drift,  it  would  be  more  surprising  to  find 
that  pebbles  rolled  15  miles  or  more  by  a  stream  had  retained  glacial 
stri«  on  their  surfaces  than  to  find  them  worn  away.  On  the  other  hand, 
however,  as  was  noted  above,  the  pebbles  are  not  particularly  well 
rounded. 

The  deposit  capping  Landslide  Butte  is  particularly  well  exposed  at 
the  west  end  in  a  clean  scarp,  the  result  of  slumping  on  the  Bearpaw 
shale.  There  is  an  undisturbed  curved  section  15  feet  high  and  several 
hundred  feet  long  besides  the  exposures  in  the  faces  of  the  masses  which 
have  slid  down.  Immediately  beneath  the  hlack  soil  in  part  of  the  sec- 
tion is  a  deposit  resembling  till,  consisting  of  gray  clay  having  a  maxi- 
mum thickness  of  3  feet  and  containing  rather  few  pebbles.  The  main 
deposit  consists  of  coarse  gravel  of  the  same  lithologic  composition  as 
that  on  Horsethief  Ridge  and  the  high-level  plains  farther  west,  with  the 
interstices  between  the  stones  filled  with  gray  clay.  In  one  part  below 
this  gravelly  bed  there  is  a  larger  pereentage  of  the  finer  material  consti- 
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tuting  a  clay  matrix,  in  which  the  pehbles  are  irregularly  embedded  as  in 
till.    Here  and  there  are  streakB  of  saud. 

The  pebbles  range  in  size  from  fine  ones  to  boulders  1  foot  in  diameter, 
and  in  shape  from  subangular  to  rouaded,  and  on  the  whole  they  are 
somewhat  better  rounded,  as  by  water  wear,  than  those  on  Horsethief 
Ridge,  but  are  not  well  assorted  as  to  size  nor  well  bedded,  though  evi- 
dently water  handled.  The  materia!  as  exposed  resemblefl  glacial  mo- 
rainal  drift,  but  careful  search  by  both  of  us  failed  to  reveal  a  single  - 
pebble  which  was  undoubtedly  glacially  striated,  though  faint  markings 
on  some  of  the  pebbles  suggested  strias. 

COHPABISDK  WITH  THE  EXTENSION  OF  TwO  MEDICINE  QlaCIER  OF  TUE 

Wisconsin  Stage 

The  areal  distribution  of  all  the  patches  of  high-level  pre-Wisconain 
glacial  drift,  excepting  those  on  either  aide  of  Belly  Kiver,  is  on  the  plains 
directly  opposite  the  catchment  basins  of  Ejaint  Mary,  Cutbank,  and  Lake 
Creek  glaciers  of  the  Wisconsin  stage,  and  this  indicates  that  the  ice 
which  spread  eastward  onto  the  Blackfout  peneplain  headed  in  these  com- 
bined basins  (plate  13).  It  appears,  however,  that  either  the  bulk  of  the 
ice  at  the  earlier  stage  must  have  been  considerably  greater  than  at  the 
Wisconsin  stage  or  that  the  topographic  relations  must  have  been  mark- 
edly different  from  what  they  are  now.  Cutbank  and  Jjake  Creek  glaciers 
at  the  Wisconsin  stage  were  of  coinparalivcly  small  extent  and  extended 
directly  eastward  down  unobatnitted  valleys.  During  the  same  stage  the 
ice  issuing  from  Kennedy  Creek,  Swift  Current,  Boulder,  Saint  Mary, 
and  Red  Eagle  valleys,  which  combined  to  form  Saint  Mary  Glacier,  in- 
stead of  extending  northeastward  onto  the  plain,  was  deflected  northward 
down  the  Saint  Mary  Valley  by  the  great  ridge  1,000  to  1,600  feet  high 
on  the  east.  Farther  south.  Two  Medicine  Glacier  at  the  same  stage 
spread  about  36  miles  northeastward  from  tlie  mountain  front  over  an 
undulating  plain. 

The  total  area  of  the  combined  catchment  basins  of  Saint  Mary,  Cut- 
bank,  and  Lake  Creek  glaciers  is  approximately  310  square  miles.  The 
area  of  the  catchment  basin  of  the  main  part  of  Two  Medicine  Glacier 
(plate  13)  is  approximately  895  square  miles — that  is,  excepting  the 
basins  at  the  heads  of  Whitetail  and  Birch  creeks,  which  probably  did  not 
contribute  largely  to  the  main  part  of  the  Two  Medicine  piedmont  glacier. 

The  average  elevation  of  the  divide  forming  the  rim  of  the  northern 
basin  above  sealevel  is  approximately  8,075  feet;  that  of  the  southern 
hasin  7,525  feet. 
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The  difference  in  elevation  between  the  average  height  of  the  rim  of 
the  northern  basin  and  that  of  the  remnants  of  the  highest  plains,  in 
which  is  the  old  drift,  within  45  inilea  of  the  divide,  is  about  2,750  feet. 
In  the  area  of  the  Two  Medicine  Glacier  the  difference  between  the  aver- 
age elevation  of  the  rim  of  the  cutchtnent  basin  and  the  elevation  of  the 
undulating  plain  over  which  the  piedmont  glacier  spread  is  about  3,400 
feet. 

From  this  comparison  it  is  seen  that  while  the  areas  of  the  two  catch- 
ment basins  are  approximately  the  same,  the  difference  in  average  eleva^- 
tions  between  the  rime  and  the  plains  to  be  glaciated  is  about  650  feet 
greater  in  the  case  of  the  Two  Medicine  Qlacier  than  in  the  case  of  the 
earlier  UDrthem  glacier.  From  this  it  might  be  concluded  that  even  if 
the  tributary  mountain  gorges  and  the  main  trough  of  Saint  Mary  Valley 
had  not  then  been  excavated  below  the  level  of  the  crest  of  Saint  Mary 
Ridge,  so  that  that  ridge  did  not  then  stand  as  an  obstruction  diverting 
the  glacial  flow  from  epreading  freely  northeastward  onto  the  Blackfoot 
peneplain,  yet  no  such  piedmont  extension  of  tlie  ice  as  characterized 
Two  Medicine  Qlacier  at  the  Wisconsin  stage  would  have  occurred. 

The  southern  catchment  basin  has  not  been  wholly  explored  by  the 
writera,  but  an  inspection  of  the  topography  as  delineated  on  the  Marias 
Pass  topographic  sheet  shows  that  on  the  whole  there  was  much  more 
obstruction  to  ready  outflow  of  the  ice  from  that  baain  than  there  would 
have  been  from  the  northern  basin  were  Saint  Mary  Valley  so  much' 
shallower  that  Saint  Mary  Bidge  did  not  form  a  diverting  dam. 

The  rise  from  lower  Two  Medicine  Lake  to  the  plain  on  the  east  is 
about  750  feet,  yet  the  ice  ascended  this  slope  and  spread  eastward  along 
the  south  side  of  Two  Medicine  Ridge  to  the  gap  traversed  by  the  Qreat 
Xorthem  Bailway,  and  then  deployed  freely  over  the  undulating  plain 
aboQt  Browning.  The  outlet  of  Marias  Pass  east  of  Lubec  is  obstructed 
by  transverse  rock  ridges  500  to  700  feet  in  height,  and  farther  south, 
with  the  exception  of  Badger  Creek  Valley,  there  are  no  gorges  opening 
directly  northeastward  from  the  divide,  and  even  this  valley  is  much 
constricted  at  the  mountain  front.  The  marvel  is  that  a  piedmont  glacier 
heading  in  this  catchment  basin  should  have  extended  so  far  onto  the 
plain  as  did  Two  Medicine  Glacier.  Considering  all  things,  it  appears 
that  if  the  Saint  Mary  Valley  were  not  so  deep  a  diverting  trough  nor 
Saint  Mary  Bidge  so  high  an  obstructing  dam,  conditions  would  have 
been  about  as  favorable  for  the  extension  of  a  pre-Wisconsin  piedmont 
glacier  onto  the  Blackfoot  peneplain  from  the  northern  catchment  basin, 
as  they  were  in  the  case  of  Two  Medicine  Glacier  of  the  Wisconsin  stage. 

From  this  point  in  the  discussion  it  is  but  a  step  to  the  assumption 
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that  the  glsciatioa  of  the  Blackfoot  peneplain  occurred  at  a  time  when 
Saint  Mary  Valley  had  not  been  cut  down  to  so  great  a  depth  by  some 
hundreds  of  feet,  and  that  diesection  of  the  plain  to  the  east  had  not 
proceeded  bo  far  as  the  development  of  the  second  aet  of  plains. 

It  is  not  necessary,  however,  to  suppose  that  Saint  Mary  Valley  was  not 
cut  at  all  below  the  level  of  the  adjacent  plain,  nor  that  the  Blackfoot 
peneplain  was  as  yet  relatively  little  dissected  for  any  considerable  dis- 
tance to  the  north  and  south  beyond  the  limits  of  the  Browning  quad- 
rangle. 

Let  a  generalized  profile  be  drawn  approximately  along  the  line  of 
axial  flow  through  Marias  Pass  and  out  across  the  plain  of  Two  Medi- 


FiociE  D. — Praflitt  from  Oumtighl  Pan  a 


Crctk  Vatltu 


Number  1. — Profile  from  a  point  near  Gundght  Pans  < 
the  toot  of  the  upper  lake.  (B)  and  tbcDL-e  northeaatwan 
other  dnit-cOTSred  renmanta  of  llie  Blackfoot  peneplatn. 

Namber  2.— Proflle  from  upper  part  of  Bear  Creek  VaUej  near  Fielding  (A),  north- 
eutward  through  Uarlaa  Paaa  and  orer  tbe  hlUi  (B)  east  of  Lubec.  and  thence  acnna 
that  pact  of  the  plain  overridden  br  Two  Medicine  Qlacler  at  the  Wlaconain  stage  ol 
glaclatlon. 

cine  Glacier  (figure  5,  number  2),  and  a  like  profile  be  drawn  from  the 
divide  near  Qunsight  Pass,  down  Saint  Mary  Valley  to  the  foot  of  the 
upper  lake,  and  thence  northeastward  across  Saint  Mary  Bidge  and  the 
remnants  of  Blackfoot  peneplain  (figure  5,  number  1).  Superposing 
one  on  the  other,  it  appears  that  were  Saint  Mary  Valley  about  1,000 
feet  less  deep  than  now,  the  obstruction  interfering  with  the  extension 
of  ice  directly  northeastward  from  the  northern  catchment  basin  would 
not  be  greater  than  were  the  obstructions  in  the  path  of  Two  Medicine 
Glacier. 

Judging  from  the  exposures  seen  in  1911  and  1912,  the  upper  850 
feet  or  more  of  the  highest  part  of  Saint  Mary  Ridge  ia  pre-Wiaconsin 
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glacial  drift.  This,  of  courec,  was  not  present  at  the  time  of  the  first 
esteiiBion  of  the  ice.  It  might  then  be  a  reaeonahle  assumption  that  the 
bottom  of  the  valley  at  the  foot  of  the  upper  lake  lacked  at  least  800  feet 
of  being  as  low  as  at  present  at  the  time  of  the  glaciation  of  the  Black- 
foot  peneplain.  If  this  was  the  case,  Saint  Mary  Valley  for  aome  dis- 
tance farther  north  and  also  the  other  valleys  heading  in  the  mountains 
and  those  of  the  various  tributaries  of  Milk  Uiver  must  have  been  cor- 
respondingly leas  deep  at  the  same  time  and  considerable  remnants  of 
the  Blackfoot  peneplain  may  have  still  persisted  in  southern  Alberta, 
although  probably  much  erosion  would  have  been  accomplished  along 
most  of  the  valleys  and  most  of  the  Intervening  tracts  would  have  been 
somewhat  lowered  and  rendered  uneven  in  consequence  of  the  denudation. 

DSDCCTIONS   FBOM  EeLATIONS  OF  PBE-WlSCONSIN   DUIFT  OF  THE 

ElEBWATIN  Iob-shbbt 

If  it  were  known  that  the  recognized  earliest  advance  of  the  conti- 
nental ice-sheet  into  this  region'  was  contemporaneous  with  the  first 
extension  of  the  Cordilleran  ice,  we  would  have  something  of  a  check  on 
the  relative  antiquity  of  the  oldest  mountain  drift  in  question,  Calhoun 
has  shown  that  there  was  probably  approximate  contemporaneity  between 
the  last  great  extension  of  the  mountain  glaciers  and  of  the  ice  from  the 
northeast,  and  with  this  conclusion  we  are  in  accord  from  our  own  obser- 
vations, as  described  in  a  subsequent  connection  (page  557).  We  observed, 
as  did  Dawson  and  McConnell  farther  north,  and  as  did  Calhoun  near  the 
49th  parallel,  that  drift  of  the  continental  ice-sheet  overlaps  drift  of  the 
mountain  glaciers.  This  relation  and  the  fact  that  the  Saskatchewan 
gravels,  which  Dawson  and  McConnell  regarded  as,  in  part  at  least,  out- 
wash  from  this  mountain  drift,  extend  eastward  below  the  tower  of  the 
two  northeastern  drift  sheets  exposed  in  the  region  of  Lethbridge,  led  these 
latter  investigators  to  regard  all  the  mountain  drift  east  of  the  mountain 
front,  including  the  moraines,  as  the  oldest  drift  of  southern  Alberta. 

Calhoun,  however,  pointed  out,  and  with  this  again  our  observations 
agree,  that  there  are  in  the  sections  observed  no  evidences  that  any  con- 

■  It  Bhoiild  be  itited  tbat  tbe  loterpretatlona  o(  the  pr^senl  writers  are  based  oa  wbat 
Ii  now  generally  eonaldered  br  Keologtnta  a  well  founded  aasumptloa  that  tbe  upper  and 
lower  boulder  claja,  conatatluB  of  drift  ot  the  Keewatlo  Glacier,  were  depoalled  bf  eileo- 
■l«iu  of  tbe  coDtluental  Ice-sheet.  Doctor  DawsoQ  aeeui!!  Dot  to  have  be«u  ready  to  ac- 
cept aueb  an  Interpretation,  foe  he  states  (Bull.  Geol.  Boe.  Am.,  vol.  T,  p.  01)  :  "I  have 
elsewhere  given  reasons  for  the  belief  that  tioth  tbeae  boulder  clays  of  Ihe  western  plains 
are  attributable  to  the  agency  of  lloatlag  Ice  (Od  the  pby Biographical  geology  of  the 
Bocky  Uonntaln  region  In  Canada,  Trans.  Roy.  Sac.  Can.,  vol,  tUI,  see.  4.  p,  S3  et  sei].), 
but  this  need  not  bere  be  specially  Inalated  on." 

XZZVII— BVLU  Gboi.  8oc.  Ah.,  Vok  24, 1913 
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siderable  interval  elapsed  between  the  expoaure  of  the  mountain  drift  on 
the  recession  of  the  fronts  of  the  mountain  glaciers  and  the  depoEition 
of  thf  overlapping  drift  by  the  continental  ice-sheet,  and  he  also  stated 
that  the  lack  of  modification  by  erosion  of  the  surface  of  the  moraines 
corresponded  as  evidence  of  relative  recency  of  deposition  with  that  of 
the  moraines  of  the  late  Wisconein  drift  of  the  Mississippi  Valley.  Cal- 
houn and  we  also  were  therefore  led  to  the  conclusion  that  drift  of  the 
mountain  glaciers  deposited  in  the  valleys  near  and  aonth  of  the  Interna- 
tional Boundary  should  be  referred  to  the  Wisconsin  stage  of  glaciation, 
and  that  the  same  is  true  of  the  overlap- 
ping drift  of  the  continental  ice-sheet. 
We  think  this  deduction  applies  also  at 
least  as  far  north  as  the  valley  of  Oldman 
Creek,  where  the  mountain  drift  is  not 
confined  to  the  valleys,  hut  spreads  over 
tlie  intervening  undulating  areas,  where 
erosion  has  left  no  remnants  of  the  Black- 
foot  peneplain.  This  overlap  was  observed 
by  us  on  South  Fork  of  Oldman  Elver 
west  of  Pincher,  Alberta  (township  7 
nortli,  range  21  west),  and  on  Drywood 
Fork  of  Waterton  River  (township  4  north, 
range  30  west),  and  it  was  also  observed 
by  Calhoun  and  by  us  both  on  Belly  Elver 
(township  2  north,  range  28  west)  west 
of  Mountainview,  Alberta,  and  on  Saint 
Mary  River  near  the  International  Boun- 
daiy  and  some  miles  to  the  northward. 

In  the  last  two  situations  the  two  drifts 
are  exposed  near  the  levels  of  the  present 
streams  and  at  elevations  of  more  than 
1,000  feet  lower  than  the  Dearest  ppe-Wi&- 
consin  drift-capped  remnants  of  the  Blackfoot  peneplain  but  a  few  miles 
away.  From  this  relation  it  is  clear  that  the  deposition  of  the  imbricated 
drift  in  the  valleys  post-dated  that  of  the  drift  on  the  high-level  tncts 
by  a  long  interval,  during  which  the  valleys  were  deepened  hundreds  of 
feet.  It  is  to  be  expected  on  a  priori  ground  that  when  climatic  condi- 
tions were  such  as  to  cause  the  development  of  a  vast  mer  de  glace,  ei- 
tending  from  the  Keewatin  plateau  to  the  Bocky  Mountain  front,  con- 
siderable extensions  of  the  mountain  glaciers  would  also  take  place. 
Having  then  good  evidence  in  the  relations  of  the  deposits  themselves  thai 
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Buch  GoatemporaiieouB  contiiieiital  and  mountain  gl&ciation  did  occur  at 
the  WiBCORBin  stage,  it  is  a  rational  inference  that  the  deposition  of  tba 
pro-Wisconsin  mountain  drift  was  approximately  contemporaneous  with 
that  of  the  pre-WiBconBin  continental  drift  which  has  been  observed  in 
the  region. 

If  we  judged  from  the  topographic  relations  of  the  high-level  drift  to 
the  valley  drift  in  the  Browning  quadrangle,  we  might  conclude  at  once 
that  the  interval  of  erosion  between  the  formation  of  the  two  deposits  was 
very  long,  and  that  the  pre-Wisconsin  drifts  were  correspondingly  old. 

This  conclusion,  however,  requires  some  further  qualification  than  that 
already  deduced  from  the  comparison  of  the  relations  of  the  high-level 
drift  and  that  of  Two  Medicine  Glacier  presented  above. 

No  pre-Wisconain  drift  of  the  continental  ice-sheet  has  been  observed 
by  the  writers  south  of  or  near  to  the  International  Boundary.*  Calhoun' 
observed  drift  outside  the  terminal  moraine  of  the  continental  glacier 
farther  south,  which  suggested  an  earlier  stage  of  glaciation,  but  he 
found  very  little  evidence  which  he  thought  supported  the  theory.  On 
page  49,  Professional  Paper  50,  he  describes  a  section  observed  by  hi") 
on  Saint  Mary  Biver,  north  of  Sloans  Ranch,  a  few  miles  north  of  the 
boundary,  and  which  he  illustrated  by  a  figure,  reproduced  here  as  figure 
6.     Of  this  Calhoun  stated  (loc.  cit.)  : 

"Tbla  «ectlon  famlabd  tbe  oaly  discovered  evidence  o(  two  distinct  glacial 
epochs.  As  DO  otber  section  was  found  sliowing  like  or  similar  phenomena, 
little  stress  is  laid  upon  this." 

It  seems  to  the  present  writers,  however,  that  this  section  merits  some 
cozisideration  becaiise  of  its  similarity  to  sections  observed  by  them,  and 
earlier  by  Dawson  and  McConnell,  on  Belly  River  in  the  vicinity  of  Leth- 
bridge.  Alberta,  and  because  we  have  now  clear  evidence  of  an  earlier 
eztensioa  of  the  mountain  glaciers. 

The  writers  examined  numerous  exposures  on  Saint  Mary  River  both 
above  and  below  Sloans  Ranch,  but  this  section,  if  still  preserved,  is  evi- 
dently one  of  those  which  we  did  not  examine.  This  section  is  particu- 
larly interesting  because,  if  the  lower  bed  of  northeastern  drift  (B)  is  in 
reality  immodified  pre-Wisconsin  glacial  till  deposited  in  situ  by  the 
Keewatin  ice-sheet,  it  means  that  Saint  Mary  Valley  had  at  the  time  of 
that  glacial  extension  been  cut  down  approximately  to  its  present  depth, 
more  than  1,000  feet -below  the  level  of  the  pre-Wisconsin  mountain  drift 
on  Hadson  Bay  Divide,  8  or  10  miles  to  the  southward,  and  more  than 


Digitized  bvGoOgIc 


548  PRB-WISCONBIK  GLACIAL  DBIFT  IS  MONTANA 

1,600  feet  lower  than  the  drift  capping  Kennedy  Ridge,  a  few  miles 
farther  southwest. 

In  response  to  a  letter  of  inquiry  concerning  this  bed  (B)  of  north- 
eastern drift,  Doctor  Calhoun  writes  in  part  as  follows :' 

"Along  tbiB  river,  in  tbe  vicinity  of  Slonn  Raai^h,  there  bad  been  a  gretX 
deal  of  slumping  and,  wltb  tbe  tirae  nod  belp  that  I  had  at  my  command,  I 
could  not  take  tbe  trouble  to  make  any  excavations.  J  was  satisfied  In  my  own 
mind  that  tbe  lower  bed  B  was  really  part  ot  the  older  drift  sbeet,  but, 
alttaongb  I  looked  for  many  days,  I  found  nothing  else  in  any  otber  river 
valley  to  substantiate  tbls.  Tbe  age  of  tbe  boulders  In  tbe  two  sbeeta,  aa 
shown  by  the  amount  of  weathering  to  which  they  had  been  subjected,  was 
very  dlffer«it  and.  tf  1  remember  rightly,  as  far  as  I  could  make  out  from  tbe 
badly  weathered  specimens,  tbe  rock  material  was  also  different.  1  left  tbe 
section  very  much  pleased  with  what  I  tbougbt  was  evidence  that  could  not  be 
disputed  aa  to  tbe  existence  of  two  different  Ice-sbeets  from  the  northeast,  but 
after  many  weeks  of  searcb  I  came  to  tbe  conclusion  that  It  would  not  do  to 
claim  tbe  existence  of  another  sheet  upon  the  evidence  of  one  section. 

"The  layer  B  was  a  layer  of  boulders — some  of  tbem  igneous  and  every  one 
badly  decomposed.  In  this  layer  there  was  not  one  sound  rock  of  Igneous 
origin,  although  there  were  quartzlte  gravels  in  tbe  formation  wblcb  were  not 
decomposed.  These  decomposed  Igneous  rocks  occurred  In  considerable  nom- 
bers.  1  am  not  sure  wbetber  tbis  d^MsIt  was  till  or  material  let  down  by 
erosion.  If  It  were  till,  It  was  very  stony  till.  1  found  no  other  deposit  In  tbe 
area  wblcb  contained  badly  decomposed  Igneous  rock  of  undoubtedly  nortb- 
eastern  origin." 

From  Doctor  Calhoun's  statement  it  seems  to  be  not  at  all  certain  that 
the  deposit  ia  unmodified  till  left  in  its  present  position  by  the  melting 
of  the  continental  glacier.  This  being  the  case,  the  inference  is  war- 
ranted that  it  was  let  down  by  erosion  from  a  higher  level,  perhaps  from 
a  horizon  corresponding  to  the  high  tracts  where  the  pre- Wisconsin  moun- 
tain drift  now  occurs,  and  that  its  occurrence  now  at  so  low  a  level  has 
no  direct  bearing  on  the  amount  of  erosion  accomplished  and  length  of 
time  elapsing  since  the  deposition  of  the  pre- Wisconsin  drift. 

It  is  not  probable  or,  as  it  aeems  to  us,  possible,  on  account  of  the  topo- 
graphic relations,  tliat  the  Keewatin  ice  was  depositing  the  bed  of  drift 
{B)  at  so  low  a  level  in  Saint  Mary  Valley  in  the  vicinity  of  Sloans 
Ranch  at  approximately  the  same  time  that  the  mountain  glaciers  were 
depositing  the  drift  on  the  high-level  tracts. 

Farther  north,  however,  on  Belly  Biver  near  Lethbridge  and  on  Old- 
man  River  aa  far  west  as  Brocket  (figure  I),  there  are  considerable  de- 
posits of  unmodified  glacial  till,  a  part  of  which  evidently  is  and  a  part 
of  which  may  be  of  pre-Wisconsin  age,  exposed  in  the  bluffs,  which  are 

'  Fenonal  Mnnuunlcatloni,  NoTembec  S6  and  Novembei  30.  1913. 
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unquestionabty  in  situ,  not  far  above  the  present  streamfl.  Hence,  even  if 
ve  conclude  that  erosion  of  the  Blackfoot  peneplain  had  not  progreaaed 
nearly  so  far  as  now  in  the  Browning  quadrangle  and  its  immediate  en- 
virons, we  must  concede  that  there  is  evidence  40  to  50  miles  north  of 
the  boundary  that  the  valleys  of  Oldman  and  Belly  rivers  had  been  cut  to 
nearly  as  low  levels  as  now  before  the  pre- Wisconsin  drift  was  deposited, 
and  the  intervening  uplands  must  have  been  correspondingly  lowered. 

It  may  be  well  to  present  in  some  detail  the  results  of  our  observations 
on  the  upper  and  lower  boulder  clays  of  the  Keewatin  ice-sheet. 

In  the  course  of  our  reconnaissance  trip  in  southern  Alberta  a  day  was 
spent  at  Lethbridge  and  an  examination  was  made  of  the  series  of  drift 
deposits  described  by  Dr.  Q.  M.  Dawson.'  In  the  time  spent,  however, 
there  was  opportunity  for  study  of  only  a  small  part  of  the  fine  exposures 
in  this  vicinity. 

For  some  distance  both  north  and  south  of  the  railway  bridge  at  this 
place  the  drift  deposits  are  well  exposed  in  the  bluffs  forming  the  sides 
of  the  valleys.  Belly  River  Valley  at  this  place  is  about  300  feet  in 
depth,  a  steep-sided  trench  cut  in  the  undulating  plain.  Going  down 
from  the  railway  station  into  the  valley  south  of  the  railway  bridge  to 
the  vicinity  of  the  municipal  coal  mine,  filter  beds,  and  electric  power- 
house, the  following  series  of  deposits  was  observed  in  the  east  bluff : 

PM»to<xne  Deposits  on  Belly  Bher  at  Lethbridge.  All>erta 

D.    Bnff,  loose-textured  to  moderately  compact,  clayey  till  of  Kee-         Feel 
watlD  Glai^ler  (WlBconaln  stage)  cootalnlug  plentiful  Lauren- 
ttair  pebbles  and  Paleozoic  (  ?)  limestone  pebbles,  t>eneatb  upper 
grassed  slope I00± 

C.  Fine,  gray,  compact,  cemented  sand  or  silt  Untei^laclal  ?),  wltb, 
In  places,  some  Intercalated  tbin  layers  of  brown  to  black 
llgnltlc  material ;  contorted  In  part  in  places ;  clay-Iron 
nodules  In  places  at  top  of  bare  shoulders  of  the  bluff 10± 

B.  Dense,  compact,  dark  gray  till  of  Kecwatln  Glacier  (pre-Wls- 
constn  stage),  pebbles  mostly  from  the  Rocky  Mountains; 
LanrenUan  pebbles  plentiful  but  less  abundant  than  In  upper 
Ull;  forms  bold  salient  of  the  bluff 4Oto60 

A.  Stratlfled  gravel  ("Saskatchewan,"  Inte^laclal  or  preglaclal), 
composed  mostly  of  4   to  G   Inch,   well-rounded   pebbles  of 

quartzltes  from  the  Rocky  Mountains 10  to  12 

Cretaceous  shale  and  coal 

•  O.  H.  DawMD  :  Report  od  the  regloo  In  the  vicinity  ot  the  Bow  and  Bell;  rlvera, 
Northweet  Terrltarj'.  Geological  Barvcj  of  Canada,  1882-1884,  18B4,  pp.  ISSc-lSZc,  and 
plate  op.  p.  1400. 

O.  H.  DawMQ  (irltb  collaboratloD  ot  R.  6.  HcConnell)  :  Olaclal  depoilta  of  lontli- 
western  Alberta  In  tbe  TlclQity  ot  tbe  Rocky  UounUlna.  Ball.  Oeol.  Boc.  Am.,  vol.  T. 
1896,  pp.  89-41. 
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The  blnfF  on  the  opposite  side  of  the  river  at  the  bead  north  of  the 
wagon  bridge  exposed  the  following  (figure  7)  : 


Pleifioccne  Depoiit*  on  Bcllv  River  tiPar  Lethbridge,  Alberta 


D.    Looee  buff  till  of  Keewatin  Glacier  (Wisconsin  stage) ,  witb  Lau- 

rmtian  pebbles  and  pebbles  from  Rocicy  Mountains 

!<amlnated,  papery  silt. 

!,  wind-bedded  loess,  alternatlns  wltb  beds  of  fine,  stratified 

( interglaclal  ?) 

B.  ""Compact.  Jointed  till  of  Keewatin  Glacier  (pre- Wisconsin  stage), 
with  LanrentlBn  pebt)les  and  pebbles  from  Rocky  Mountains. 

Upper  IB  feet  oxidized  buff  la  places,  dark  gray  below 

A,    Quartzlte  gravels  ("SaBkatchewan,"  Interglaclal  or  pregladal), 

wltb  some  interbedded  sand 

Cretaceous  sbale 


[«DUHD  ] 

ni^mlnated 

'..  iBoir,  wind 

I     sand  (iD 


Pact 
3tol3 
Ito  3 

Oto50± 

29  to  30 
10  to  18 


A,  qutrtilte  gTBTelii  ("SaskalcbeH'an' 
lying  CretaceouB  abale  ;  B,  pre-WluoDfll 
•Dd  n'[iid-bIan'D  uod.  0  lo  SO  feet,  overl 
D,  WlBcoOBlD  till  oC  KeewBllD  Glacier, 


(III  Biter  Htar  LethbrUg*,  Albtrta 
).  iDterglaclR]  or  preglaclat,  10  to  IB  feet,  orcr- 
1  till  of  Krcvatln  Glacier.  SO  to  30  tcet:  C,  loew 
ilu  by  lamlDated  «]lt,  1  to  3  feet  ( iDtecilad^  T)  ; 
I  to  13  Iwl. 


The  gravel  (A)  in  the  two  sectioos,  which  repreeents  the  Saskatchewan 
gravel  of  Dawson  and  McConnell,  is  composed  exclusively,  where  exam- 
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ined,  of  water-woni  pebbles  from  formations  exposed  in  the  mountains 
60  miles  to  the  west  and  sonthwest,  mostly  of  pink  and  white  quartzites, 
with  smaller  percentages  of  maroon  and  greenish  argillite,  diorite,  amyg- 
daloidal  trap  rock,  gray  limestone,  and  cbngloraerate  containing  black 
chert  pebbles.  At  one  point  two  or  three  granites  were  found  among  the 
loose  pebbles  in  the  excavation,  but  it  was  tliought  they  might  have  rolled 
down  from  the  drift  higher  in  the  slope  which  was  deposited  by  the  Kee- 
watin  Glacier.  None  such  were  found  embedded  in  the  stratified  gravel. 
The  top  of  the  gravel  is  marked  by  a  sharp  horizontal  line,  and  at  only 
one  point  was  any  evidence  of  disturbance  of  the  bedding,  such  as  might 
be  expected  to  result  from  their  being  overridden  by  the  continental  ice- 
sheet.  Perhaps  the  gravel  was  cemented  by  ice  to  a  solid  conglomerate 
when  such  overriding  took  place. 

By  far  the  larger  percentage  of  the  pebbles  in  the  dense  compact  lower 
till  (B)  is  from  the  Kocky  Mountains,  probably  derived  by  the  glacier 
from  deposits  of  gravel  in  the  valleys  such  as  those  composing  the  under- 
lying bed.  Intermingled  with  these  are  granites  and  other  crystalline 
rocks  from  the  Laurentian  formations  west  of  Hudson  Bay,  showing  that 
the  till  waa  deposited  by  the  Keewatin  ice-sheet.  The  surface  of  the 
lower  till  is  uneven,  especially  in  the  second  exposure  described,  and  the 
oxidation  of  the  upper  part  of  this  till  is  evidence  of  its  exposure  to 
weathering  prior  to  the  deposition  of  the  upper  till. 

The  stratified  beds  (C)  indicate  deposition  during  a  stage  of  deglacia- 
tion.  At  the  exposure  nfirth  of  the  bridge  there  is  nearly  50  feet  of  inter- 
bedded  fine  sand  and  loess-like  silt  resembling  an  eolian  deposit.  Over- 
lying this  is  1  to  3  feet  of  fine,  laminated,  papery  silt.  The  relations 
indicate  that  this  deposition  was  followed  by  a  period  of  erosion,  for  the 
deposit  thins  abruptly  toward  the  east  side  of  the  exposure  until  it 
pinches  out  entirely  between  the  lower  till  (B)  and  the  upper  till  (D). 
The  upper  till  (D)  mantles  the  slope  and  extends  thence  up  to  the  up- 
land as  though  it  lay  on  the  side  of  an  interglacial  valley.  The  extent  of 
the  interglacial  deposit  (C)  northward  down  the  valley  was  not  deter- 
mined. There  seems  to  be  considerable  of  the  loess-like  material  on  the 
east  side  north  of  the  railway  bridge,  where  such  material  exposed  in  the 
sides  of  a  ravine  is  being  used  in  making  brick.  South  of  the  railway 
the  bed  (C)  consists  of  partially  cemented,  laminated,  grayish,  fine  sand 
or  silt.  A  small  opening  in  the  grassy  slope  at  one  point  in  the  side  of  a 
ravine  back  of  the  power-house  exposed  as  part  of  these  deposits  the 
following : 
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Partial  Beclion  of  interglacial  Bedt  al  Lethbridge,  Alfrerta 

Sand,  top  not  exposed.  laeiiM 

Soft,  browniBb  vegetal  material Oto^ 

Sand    4 

Brownish  v^etal  material  In  thin  layera 2 

Sand    0to3 

Black  llKDltlc  material,  pariJy  gllstealng  coal Mtol 

Sand,  bottom  not  exposed. 

The  beds  at  this  point  were  much  contorted,  either  as  the  result  of 
slimipiitg  or  possibly  from  having  been  overridden  by  the  later  ice-sheet, 
BO  that  it  could  not  be  determined  that  the  vegetal  material  had  actually 
grown  where  deposited.  At  one  point,  however,  fine  pootllke  fibeTB  were 
noted  extending  downward  from  one  of  the  vegetal  layers  into  the  sand 
below.  This  vegetal  material  probably  corresponds  to  the  peaty  or  lig- 
nitic  material  observed  by  Dawson  at  this  horizon  several  miles  farther 
down  the  vglley,'"  and  represents  one  of  the  several  phases  of  interglacial 
deposition  in  this  region. 

The  upper  till  (D)  is  of  looser  texture  and  a  higher  percentage  of  the 
included  pebbles  are  of  Laurentian  crystallines  than  in  the  lower  till  (B), 
although  even  here  a  considerable  proportion  of  them  are  from  the  moun- 
tains. 

About  40  rods  below  the  confiuence  of  Willow  Creek  and  Oldman 
River,  a  few  miles  northeast  of  Macleod,  the  following  sectitm  was  ob- 
served: 

Pletitocene  Depoiita  on  Oltlman  Biver  near  Macleoi,  Alherta 

D.    Gray,  sand;,  unstratlfied  loam 3to   0 

C.  Buff  to  gray,  looBie  till  (Wisconsin  ?|  contalnlDg  pebblee  from  the 
Rocky  Mountains  and  a  smaller  percentage  of  Laurentian  crys- 
tallines      16  to  20 

B.    Dark,  flue,  laminated  allt  (interglacial  ?) a  few  Inebes 

A.  Very  dense,  hard,  gray  till  (pre- Wisconsin  7)  containing  pebbles 
from  the  Bochy  Mountains  and  a  soniewhat  smaller  percentaic^ 
of  cryHtalllne  pebbles  than  In  (G)  ;  overlies  the  eroded  surface 
of  the  Willow  Creek  formation  (Cretaceous  or  Tertiary)  and 
fills  two  coulees  eroded  therein 20to30 

It  is  thought  that  the  deposits  A  and  B  in  this  section  may  correspond 
respectively  to  the  deposits  B  and  C  in  the  sections  at  Lethbridge, 

In  none  of  the  sections  examined  in  this  locality  was  the  "Saskatche- 
wan" gravel  present,  and  in  none  other  than  the  above  was  any  evidence 

>*Oeologlcal  Barvey  of  Canada,  lSe2-ISS1,  p.  I'14c. 
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of  more  than  one  till  obaerved.  At  some  of  the  localities,  however,  the 
bottom  of  the  drift  filling  the  preglacial  valley  has  not  yet  been  reached 
by  the  stream. 

Going  up  the  valley  of  Oldman  Eiver,  a  section  wos  observed  at  the 
wagon  bridge  near  Brocket,  16  miles  southwest  of  Macleod,  exposing  the 
following : 

Plelatocene  Deposits  near  Brocket,  Alberla 

D.  Coarse  gravel  underlying  a  river  terrace  and  lying  on  tbe  eroded     r««t 
surface  of  tbe  till IS 

C.  Dense,  dark,  gray  till  (Wisconsin  ?)  pebbles,  niostly  from  the 
Roc^cy  Mountains,  wltb  a  small  percentage  of  Lnurentlan  crys- 
tallne*  '. Oto» 

B.    Dark  laminated  silt  (liiten;l»dal  ?) 1  to   3 

A,  Dense,  gray  till  (ji re- Wisconsin  ?),  not  very  stony,  pebbles  mostly 
from  Rocky  Mountains,  witb  a  very  small  percentage  of  Lauren- 
tlan  crystfllllnes 90 

Here  again  the  deposits  A  and  B  may  perhaps  represent  the  beds  B 
and  C  respectively  in  the  Lethbridge  exposure. 

This  ie  the  most  westerly  point  at  which  we  observed  any  evidence  of 
more  than  one  sheet  of  till  deposited  by  the  continental  glacier.  At  the 
nearest  point  the  mountain  front  is  distant  about  20  miles  to  the  sonth- 
westward.  At  the  exposure  near  Brocket,  the  river  has  not  yet  cut  down 
to  the  bottom  of  the  drift  filling  in  the  preglacial  valley.  From  this  rela- 
tion it  appears  that  at  least  one  of  the  main  streams  had  cut  below  its 
present  level  before  the  first  invasion  of  the  region  by  the  Keewatin  ice- 
aheet  of  which  we  have  evidence.  Evidently  preglacial  erosion  had  pro- 
gressed much  farther  here  than  it  had  in  the  Browning  quadrangle,  or 
else  the  lower  till  deposit  of  the  Keewatii*-  ice  is  not  as  old  as  that  de- 
posited by  the  Rocky  Mountain  glaciers  on  the  Blackfoot  peneplain  in 
the  Browning  quadrangle. 

In  the  vicinity  of  the  confluence  of  Waterton  and  Belly  rivers,  and 
Bonthwestward  to  points  within  a  few  miles  of  the  village  of  Hill  Spring, 
Alberta  (township  4  north,  range  37  west),  numerous  places  were  ob- 
served where  the  bottom  of  the  drift  filling  has  not  yet  been  reached  by 
the  streams.  In  these  places,  however,  no  evidence  was  noted  which 
seemed  to  warrant  regarding  the  lowest  till  exposed  as  older  than  the 
Wisconsin  stage.  It  can  not  therefore  be  asserted  that  these  valleys  were 
deeper  than  now  this  far  south  at  the  time  the  lower  drift  was  being 
deposited  in  the  vicinity  of  Lethbridge. 
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Extent  of  the  uppeb  and  lower  Dbift  of  the  Eebwatin  Iob-shbei 

Regarding  the  relative  ext«Dt  of  the  upper  and  the  lower  till  expoeed 
at  Lethbridge,  Doctor  Dawson  makes  this  statement:" 

"Ab  already  mentioned,  it  Is  not  certainly  known  tiow  far  tbe  tower  and  upper 
boulder-clays  of  tbe  plains  or  eltber  of  them  extend  to  tbe  west  Botli  are 
found  at  Lethbiidge.  ttO  miles  from  tlie  mountains,  and  If  the  line  observed  In 
sections  on  HIgbwood  River  correqmnds  with  this  diviaton,  both  are  tbeie 
present  to  within  about  10  miles  of  tbe  base  of  the  mountains  and  at  an  actual 
elevation  of  3,700  feet  One  or  the  other  of  these  boulder-clays,  however,  ei- 
tMids  westward  along  the  Oldman  River  beyond  the  longitude  of  tbe  Porcupine 
hills  and  at  least  as  far  west  as  Calgsry,  on  Bow  River,  and  there  is  sonie 
reason  to  believe  that  It  Is  the  uiqier  boulder-clay  which  Is  thus  most  widely 
spread." 

The  uppermost  glacial  drift  obBer\'ed  by  the  writers  on  Drywood  Fork, 
in  township  4  north,  range  30  west,  about  15  miles  south  of  Pincher, 
Alberta,  and  but  a  few  miles  from  the  mountain  front,  is  till  contaiDing 
pebbles  of  Laurentian  granite  and  hence  considered  a  deposit  of  the 
Keewatin  ice-eheet.  In  this  vicinity  the  surface  is  marked  by  sags  and 
swells  and  many  lakelets  and  marshy  tracts,  such  as  are  characteristic 
only  of  morainal  belts  of  the  Wisconsin  drift  in  the  Missouri  and  Mis- 
sissippi valleys.  Similar  topography  characterizes  the  marginal  belt  of 
continental  drift,  thence  southeastward  to  the  International  Boundary 
in  the  vicinity  of  Saint  Mary  River,  and  also  in  the  drainage  basins  of 
Milk  and  Marias  rivers. 

In  addition  to  the  youthfuloess  of  this  morainal  topography,  the  oc- 
currence of  the  morainal  drift  within  short  distances  of,  but  at  levels 
hundreds  of  feet  lower  than,  the  pre-Wisconsin  mountain  drift  on  the 
remnants  of  the  high-level  pldns  near  Belly  and  Saint  Mary  rivers  shows 
unmistakably  that  the  Keewatin  ice-sheet  which  extended  to  the  limit  of 
continental  glaciation  in  the  region  was  that  of  a  late  stage,  evidently  the 
Wisconsin  stage. 

Without  much  more  thorough  examination  than  we  have  had  the  op- 
portunity of  making,  we  would  not  care  to  hazard  an  opinion  as  to  tbe 
maximum  extent  of  the  earlier  drift  of  the  Keewatin  ice  in  sonthem 
Alberta,  The  differences  between  the  lower  and  the  upper  drift  of  the 
Keewatin  Qlacier  where  seen  by  us  are  not  so  marked  as  to  enable  us  to 
be  certain  of  the  identification  where  only  one  was  exposed.  The  lower 
part  of  much  of  the  til]  seen  in  the  bluffs  along  Belly  River  is  very  similar 
to  the  lower  till  at  Lethbridge,  even  approximating  its  semi-indurated 

"  Op.  cit,  p.  80. 
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conditioii,  yet  the  absence  of  any  intervening  non-glacial  beds,  or  eren  a 
distinct  line  of  separation  between  the  looser  upper  part  of  the  till  and 
the  denser  lower  part,  renders  one  very  hesitant  to  say  that  more  than 
one  stage  of  glaciation  is  represented.  Where  this  is  the  case,  it  appears 
to  us  that  the  presumption  is  in  favor  of  reference  to  deposition  by  the 
last  ice-sheet  traversing  the  area. 

Relations  of  the  earlier  and  later  Drift  of  the  Mountain 
Qlaciers  to  that  of  the  Keewatin  Ice-sheet 

IN   SOUTHERN    AlBERTA 

Doctor  Dawson  evidently  did  not  think  that  the  mountain  glaciers  ex- 
tended beyond  the  front  of  the  range  at  a  time  corresponding  to  the  last 
continental  glaciatjon  in  southern  Alberta,  for,  in  connection  with  his 
discussion  of  the  conditions  of  deposition  of  the  upper  boulder  clay  which 
contains  northeastern  erratics,  he  states :" 

"That  the  glaclera  which  at  the  period  of  the  Saekatchen-an  gravels  protruded 
from  the  mountnlns  must  at  thia  [later]  time  have  shrunk  back  within  tbe 
range,  in  the  southern  part  of  the  dlRtrlct  at  least.  Is  showa  by  the  stranding 
of  l/ourentlnn  boulders  upon  tbe  old  moraines  of  these  glaciers  close  up  to  the 
foot  of  tbe  mountains.  It  Is  possible  that  tbe  Bow  Vullej  Glacier  may  stll) 
bave  contluued  to  bold  some  importance  In  the  footbtll  region,  but  tbe  abundant 
supply  of  well  rounded  gravels,  with  other  circumstances,  renders  It  probable 
tbat  tbe  Rocky  Mountain  glaciers  generally  had  become  strictly  local  and 
relatively  Inslgnlflcant." 

We  did  not  examine  the  drift  of  the  mountain  glaciers  west  of  the  limit 
of  continental  glaciation  in  the  belt  bordering  the  mountain  front  north- 
west of  Belly  River.  From  the  relations  which  we  observed  in  the  vicinity 
of  the  latter  stream,  however,  and  farther  south,  we  feel  sure  that  there 
must  have  been  a  similar  extraision  of  the  mountain  glaciers  farther  north 
at  the  Wisconsin  stage,  and  that  it  was  in  connection  with  this  extension 
that  the  moraines  bordering  the  mountain  front  were  formed.  We  are 
inclined  to  disagree  with  the  interpretation  of  Dawson  when  he  states 
that  he  and  McConnell  "have  found  reason  to  assign  to  a  very  early 
period"  the  moraines  close  to  the  base  of  the  mountains,  which"  are 
"evidently  referable  to  glaciers  of  the  Rocky  Mountains." 

Doctor  Dawson  states'*  that 

"Mr.  HcCounell  bad  In  ISOO  carefully  examined  tbe  sections  of  tbe  gladal 
AepoMtB  along  Bow  River  between  tbe  mountaius  and  Glelcben  (about  80  milei 

"  a.  H.  Dawaon :  Ball.  Oeol,  Soc  Am.,  vol.  T,  pp.  62-6S. 
"Ball.  Oeol.  Boe.  Am.,  vol.  T,  p.  OS. 
"  Op.  ctt,  pp.  38  aod  39. 
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eastward),  and  tbere  fonnd  reason  to  believe  tlut  the  Snskatcbewao  gnvtia 
of  the  plains  represent  snd  trrsdUHll;  pass  Into  a  'wextem  boulder-daj,*  In 
approacbing  tbe  mountains.  Tbls  obHervatlon  bas  remained  anpubllsbed,  but 
now  appears  to  be  well  established,  and  it  follows  from  it,  taicen  ia  comieetloD 
wltb  tbe  facts  already  summarized,  that  there  are  no  less  than  three  distinct 
bonlder-clays  in  tbe  region  bere  treated  of,  the  oldest  or  'western'  boolder-claj 
being  followed  In  lime  by  that  previously  named  tbe  'lower'  bonlder-iHay, 
wbicb  la  in  tnm  distinctly  separated  from  the  "upper'  boulderclay  over  a 
considerable  part  of  the  district  at  least  by  interglacial  depoaits." 

And  egaia:'* 

"As  implied  In  Mr.  McCoaneU's  summtiry  of  the  Bow  River  aectloa.  Just 
glTen,  It  may,  I  believe,  now  be  stated  wltb  certainty  tbat  tbe  earliest  sigo  of 
glacial  condtttons  met  with  in  soutbwestem  Alberta  Is  found  In  the  evldaice  of 
tbe  extentrion  of  glnclere  from  tbe  Rocky  Mountains  to  a  certain  dlstsace 
b^^nd  the  base  of  tbat  range.  Tbese  may  bave  reacbed  nearly  to  Calgary,  tn 
Bow  Vall^,  whfcb  bas  tbe  largest  drainage  basin  in  the  mountains,  but  were 
mucb  less  considerable  fartber  soutb.  A  boulder-day  was  at  this  early  time 
laid  down  In  connection  with  tbese  glaciers,  probably  in  part  as  a  subgladal 
deposit,  in  part  along  their  retreating  fronts  as  a  fluvlo-glacial  d^>odL  Tike 
latter  as  it  Is  followed  eastward  gradually  changes  into  the  typical  Saskatctae- 
wan  grards.  In  places  associated  wltb  sltty  or  sandy  iKds.  All  tbe  drift 
material  of  tbls  stage  is  either  local  or  derived  from  tbe  Rocky  Mountain  side, 
and  it  is  probable  that  the  boulder-clay  of  this  time  Is  actually  connected  with 
the  mass  of  the  moraine  ridges  and  hills  of  Bow  Valley  and  those  found 
fringlnf;  tbe  mountains  in  places  fartber  to  the  south." 

We  agree  with  Dawson  in  the  ststement  that  "the  earliest  sign  of 
glacial  conditions  met  with  in  southwestern  Alberta  is  found  in  the  evi- 
dence of  the  extension  of  glaciers  from  the  Becky  UountainB  to  a  certain 
distance  beyond  the  base  of  that  range."  We.  however,  find  the  beat  evi- 
dence of  this  is  the  drift  on  the  remnants  of  the  high-level  plains  in  the 
vicinity  of  Belly  Eiver  and  in  the  Browning  quadrangle.  Evidently  there 
are  in  the  region  at  least  four  drift  sheets  instead  of  three,  two  deposited 
by  the  continental  ice,  of  which  the  best  evidence  is  found  in  the  r^on 
of  Lethbridge,  and  two  deposited  by  mountain  glaciers,  of  which  the  beet 
evidence  is  found  in  the  region  south  of  that  studied  by  Dawson  and 
McConnell. 

In  Saint  Mary  River  Valley,  a  short  distance  south  of  the  boundary, 
and  in  Belly  River  Valley  at  a  point  west  of  Mountain  View,  about  10 
miles  north  of  the  boundary,  we  found  the  drift  of  the  mountain  glaciers, 
whose  surface  is  characterized  by  such  youthful  topography,  extending 
down  the  valleys  underneath  the  drift  of  the  continental  sheet.  This 
relation  was  also  observed  and  described  by  Calhoun."    Although  be  had 
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not  differentiated  the  earlier  mountain  drift,  Calhoun  concluded  that 
there  was  no  great  difference  in  age  between  the  drift  of  the  mountain 
valley  glaciers  and  the  continental  drift  which  overlapped  it. 

The  topographic  relationa  in  and  near  the  Browning  quadrangle  show 
indiBpntablf  that  the  last  great  extension  of  the  mountain  glaciers  oc- 
curred long  after  the  deposition  of  the  earlier  mountain  drift  on  the 
Blackfoot  peneplain.  Great  valleys  cut  in  this  peneplain  confiiied  and 
directed  the  flow  of  the  last  ice-tongues  projecting  beyond  the  mountain 
front.  Even  with  the  checks  noted  above,  which  curb  any  tendency  to 
refer  all  the  dissection  of  the  Blackfoot  peneplain  to  time  since  the 
earliest  mountain  glaciation,  yet  it  seems  to  us  clear  that  the  interval  . 
between  the  deposition  of  the  high-level  drift  and  the  valley  drift  must 
have  been  very  considerable.  The  moraines  of  the  valley  glaciers  are  very 
finely  developed,  showing  in  many  places  a  sag-and-swell  or  kame-and- 
kettle  topography,  dotted  with  lakelets  and  wholly  unmodified  by  erosion. 
These  moraines  are  quite  as  well  preserved  as  the  famous  "kettle  mo- 
raine" of  the  Mississippi  Valley,  and  we  think  can  not  be  referred  to 
deposition  prior  to  the  Wisconsin  stage. 

We  did  not  differentiate  any  pre-Wiaconain  mountain  drift  at  any 
place  excepting  where  it  is  preserved  on  the  remnants  of  the  high-level 
plains.  In  these  places  the  areal  and  topographic  relations  are  such  as  to 
render  the  differentiation  unquestionable.  Farther  north,  however,  as  we 
have  indicated,  the  high-level  tracts  were  probably  largely  cut  away,  even 
at  the  time  of  the  early  glaciation,  and  they  have  now  wholly  disappeared. 
This  being  the  case,  it  is  to  be  expected  that  with  increasing  distance 
northward  from  the  bonndary  line  the  ratio  of  lowland  to  highland  on 
which  this  early  mountain  drift  was  deposited  must  have  gradually  in- 
creased. All  that  part  of  southern  Alberta  from  Oldman  River  south- 
ward to  the  boundary,  excepting  a  narrow  belt  bordering  the  mountain 
front,  is  covered  with  drift  from  the  Keewatin  ice-sheet,  and  almost  the 
only  exposures  of  any  considorable  thickness  of  drift  in  this  area  are  those 
afforded  by  the  bluffs  which  form  the  steep  aides  of  the  narrow  trench- 
like valleys  cut  by  the  streams  in  the  undulating  plain.  It  is  thus  to  be 
expected  that  the  evidence  of  an  early  mountain  glaciation  wonld  be 
found,  if  at  all,  in  this  part  of  the  region  only  in  the  valleys. 

As  stated  above,  we  think  that  the  drift  of  the  mountain  glaciers  which 
we  saw  overlapped  by  drift  of  the  Keewatin  ice  on  Saint  Mary  and  Belly 
rivers,  within  10  miles  of  the  boundary,  must  surely  have  been  deposited 
by  the  valley  glaciers  of  the  last  great  extension.  We  do  not  know  of  any 
evidence  clearly  indicating  that  this  drift  is  older.    Calhoun  cites"  one 
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section  on  Belly  River  within  the  terminal  moraine  of  the  Keewatin  ice- 
sheet  showing  in  order,  beginning  at  thv  bottom: 

"A  Till  formed  by  Belly  River  Glacier  cootalntug  man;  boulders,  all  ot 
wblch  are  t<mootlied  and  striated  to  an  nnusual  degree,  7S  feet;  B,  Soil,  ot 
whleb  only  a  smatl  exposure  was  aeen,  wtalcli  cootalned  do  fossils;  C,  Till 
formed  by  tbe  Keewatin  Ice-sheet.  80  feet." 

He  did  not,  however,  regard  the  soil  {B)  aB  indicating  any  conaiderable 
lapse  of  time  between  the  deposition  of  the  mountain  drift  (A)  and  the 
overlying  drift  of  the  Keewatin  ice-sheet  (G).  No  such  intervening  bed 
aa  the  soil  (B)  was  observed  by  the  present  writers  in  any  of  the  espo- 
surea  where  they  saw  mountain  drift  overlain  by  drift  from  the  Keewatin 
ice. 

Relations  of  the  "Saskatchewan"  Gratbl 

The  relations  of  the  "quartzite  graVels"  which  have  been  included  under 
the  name  "Saskatchewan"  will  now  be  conaidered. 
D 


FlODU  8.—8eoUon  on  Saint  Man  Kivtr  I  UiU  SouM  of  Ktmbaa,  Aittrla 
A,  qoartiltc  gTRvel  ("SMkalcheiran"),  Inler^adal  <TI.  0  to  IS  feel,  overljlnc  nuiA- 
alose;  B.  WlKonaln  till  ot  Keewatin  Blacler,  BO  to  100  feet  i  C,  loewllhe  dor,  10  fe»t: 
D,  grave)  oTcrlain  bj  a  few  feet  of  mII. 

We  observed  on  Beliy  Hiver,  in  the  vicinity  of  Lethbridge,  10  to  15 
feet  of  "quartzite  gravel"  overlying  the  Cretaceous  beds  and  underljing 
the  lower  boulder-clay  (figure  7,  A).  Forty  miles  farther  south  in  Saint 
Mary  Valley,  about  1  mile  above  Kimball  (figure  8),  0  to  15  feet  of 
similar  quartzite  gravel  is  overlain,  by  50  to  100  feet  of  till  from  the 
Keewatin  ice-sheet,  which  apparently  composes  a  single  drift  sheet  and 
which  we  are  inclined  to  regard  as  the  upper  boulder-clay.  The  bed  of 
gravel  pinches  out  midway  in  the  length  of  this  exposure  against  the  ris- 
ing surface  of  the  underlying  upturned  and  eroded  sandstone,  as  though 
deposited  only  in  the  bottom  of  the  preglacial  valley. 

At  the  bend  nearly  oppoeite  Sloans  Banch,  a  few  miles  farther  south, 
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DEPOSITS  ON  BELLV  RIVER  TWENTV-BEVEN  MILES  SOUTH  OF  MACLEOD,  ALBERTA 

A.  Slratlfled.  walrrnarn  eravcl  C'SaHkBleliewao" I  <|)re(ElHCla]  or  InlprglaclBl)  iwbblea  quarli 
nnd  olber  RocHj  Mouotaln  rovko.  IS  f««1.  It.  Til]  at  Kr^walln  Clackr  ( n'lAconHln  Htaee),  10  la 
feel.  Petibles  moBlly  rrom  Rocky  MountahiH.  pnrll.r  t^iircnllan  cr.vmallturs.  C.  I.aniliia(ed  silt,  t 
10  feet.     D.   Dark  boU.  1  to  2  leet. 
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30  feet  of  coarse  "quartzite  gravel"  Ue  on  the  eroded  surface  of  the  Cre- 
taceous rocks  and  are  overlain  by  10  to  13  feet  of  till  containing  occa- 
Bioual  Laurentian  crystalline  pebbles  and  itself  overlain  by  a  fi-foot  bed 
of  gravel  containing  LaureDtian  pebbles.  The  only  evidence  of  mountain 
gladation  noted  this  far  north  in  this  valley  was  several  3-foot  blocks  of 
reddish  argillite  in  a  ravine  between  the  last  two  points  noted." 

Continuing  southwestward  upstream,  another  exposure  shows  10  feet 
of  "quartzite  gravel"  lying  on  the  eroded  surface  of  the  Cretaceous  sand- 
stone and  overlain  by  till  containing  Laurentian  pebbles,  and  above  this 
laminated,  sandy  clay  containing  a  few  pebbles  from  the  Kocky  Moun- 
tains and  Laurentian  crystallines. 

At  the  boundary  line  the  following  section  was  observed: 

DepoKllg  on  Saint  Mary  River  at  i3tk  Parallel  nnrtk  Latitude. 

C.  Gray  clayer  till  of  Keewatin  Olaoler.  pelibles  mostly  from  ttae      Feet 

Bock?  Mountains,  but  with  a  small  percentage  of  Laurentian 
crTstalllnes  (Wlsconslo  stage) 20± 

B.  any  till,  pebbles  so  far  ns  noted  all  from  tbe  Rocky  Mountains 

(iDoontaln  drift,  Wisconsin  stage) 20± 

A.  "QuartElte  gravels"  ("SaAati^bevrBn,"  Interglaclal  or  preglaclal) 

pebbles  exclusively  from  tbe  Rocky  Mountains,  well  raondeHl, 

rendtiK  In  slse  from  fine  to  i'A  feet  Id  diameter 12  to  IS 

Cretaceous  rock. 

This  ia  the  most  southerly  point  at  which  the  writers  have  observed  the 
"quartzite  gravel"  underlying  either  the  drift  of  the  Keewatin  ice-sheet 
or  the  drift  of  Saint  Mary  Glacier. 

At  a  point  on  upper  Belly  River  and  about  27  miles  south  of  Macleod, 
in  township  5  north,  range  26  west,  a  fine  exposure  of  the  "quartzite 
gravel"  was  seen  (plate  16). 

DepoMli  on  Bellp  River  27  Uilea  South  of  Macleod,  Alberta 

Feet 

D.  Dark  soil 1  to  2 

C.  Laminated  gray  silt. 8  to  10 

B.  Solid,  bulT  ot  gray,  clayey  till  of  tbe  Keewatin  Ire-sbeet.  pebbles 

ntostly  from  tbe  Rocky  Monntalna,  pebbles  of  Laurentian  crya- 
tallnes  scattered  tbronghout 10tol2 

"At  tlili  Intermediate  point  tbere  In  15  to  20  (cet  ot  llll,  contalDlDS  LaurentlBD  pct»- 
bira  orerljIiiB  the  eroded  surface  ol  the  folded  Tprtlary  ( 7)  beda.  and  on  the  nptdracd 
rdge  of  one  of  tbe  harder  beda  slaclal  side  were  obHrved  trending  south  6B*  to  00* 
west.  So  also  at  the  hend,  nearly  east  ot  Sloans  Ranch,  at  a  point  where  overlain  onir 
bj  drift  of  Keewatin  Ice-sheet,  the  upturned  edge  of  an  Ofster-bed  was  glacially  smoothed 
and  showed  faint  strlee  trending  south  30°  to  50°  west.  These  are  the  only  points  Id 
the  region  traversed  where  we  found  glacial  strle  on  tbe  Cretaceous  or  Tertiary  rocba 
of  tb«  plalM. 
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A.  Sdvtlfled,  water-worn  gravela  ("Saskatebewim"),  pebbles  excin-  Pm( 
Btvelr  qaartzite  aad  other  rocks  from  the  Rocky  MoimUlns, 
iBnglng  in  eize  from  fine  to  6  inches  la  diameter.  Partially 
cemented,  fine  material  fllls  the  interstices  and  streaks  of  cross- 
bedded  sand  oa-ar  In  places.  Tbe  npper  1  foot  of  Ibe  gravels 
Is  oxidized  to  a  doll  orange  tint,  as  tbougb  marking  a  zone  of 
weatberlng.    Bottom  not  exposed 1& 

At  none  of  the  sections  examined  farther  up  this  etreaiu  were  the 
grarela  exposed.  In  fact,  although  the  stream  has  cut  60  to  75  feet  in 
drift  below  the  level  of  the  plain,  at  several  places  examined  within  a  few 
miles  of  Hillspring  village  (township  4  north,  range  27  west)  it  has  not 
jet  reached  the  bottom  of  the  till  of  the  Keewatin  ice-sheet  excepting  at 
one  place,  where  it  swings  against  the  side  slope  of  the  preglacial  valley. 
Farther  up  the  valley,  where  the  stream  cuts  through  the  terminal  mo- 
raine of  the  Keewatin  Glacier  and  beyond  this  moraine,  tlie  stream  fre- 
quently exposes  the  Cretaceous  sandstones  and  shales  underlying  the 
drift,  but  nowhere  are  "quartzite  gravels"  present.  Neither  were  the 
"quartzite  gravels"  found  intercalated  between  the  drift  and  the  Cre- 
taceous rocks  at  the  exposures  examined  on  Drywood  Fork  of  Waterton 
River.  Ho  sections  were  examined  on  the  Waterton  excepting  in  the 
vicinity  of  its  confluence  with  Belly  River. 

At  most  of  the  exposures  examined  on  South  Fork  of  Oldman  River 
west  of  Pincher  (townships  7  and  8  north,  range  30  west)  till  rests  di- 
rectly on  the  Tertiary  ( ?)  sandstones  or  shales  with  no  intencning 
"quartzite  gravels,"  At  the  point  between  the  South  and  Middle  forks 
near  their  confluence  25  feet  of  loose  buff  till  was  exposed,  a  small  per- 
centage of  the  pebbles  in  which  were  Laurentian  crystallines,  overlying 
35  feet  of  somewhat  denser  till,  lighter  buff  in  color  and  containing,  so 
far  as  noted,  only  pebbles  of  rocks  from  the  Rocky  Mountains  and  beneath 
this  sandstone.  Looking  hack  up  the  stream  to  an  exposure  which  was 
not  closely  examined,  it  was  seen  that  at  that  place  10  to  15  feet  of  strati- 
fied gravel  intervenes  between  the  lower  bed  of  till  and  the  Tertiary  beds. 

Dawson"  describes  three  sections  where  similar  gravel  underlies  the 
mountain  till,  one  at  a  point  on  North  Fork  of  Oldman,  2  miles  north  of 
its  junction  with  Middle  Fork ;  a  second  on  South  Fork  of  this  stream, 
at  a  point  about  12  miles  from  the  mountains,  and  a  third  still  nearer  the 
mountains  on  Mill  Creek.    Concerning  these  he  writes : 

"The  two  last-mentioned  localities  are  within  tbe  limit  of  the  country  cbar- 
acterleed  by  moraines,  evidently  due  to  local  glaciers  from  tbe  Rocky  Modd- 
talns.  and  the  indurated  boutder-clny  of  tbe  Mill  Greek  section  Is  I>elleved,  like 

»Balt.  Geol.  Boc  Am.,  vol.  7,  p.  48. 
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the  moralnee,  to  be  a  deposit  of  tbeee  glaciers.  Tbe  lower  gravels  in  this  case 
and  la  that  of  Plncber  Creek  are  obviously  dae  to  pregladal  streams  flowing 
from  tbe  moimtalus,  and,  altbougb  tbe  oame  Saskatchewan  gravels  ma7  be 
applied  to  tbem.  tbey  bere  evidently  antedate  tbe  eastern  gravelly  representa- 
tive or  tbe  Hocky  Mountains  or  earliest  boulder-clay.  Furttier  to  tbe  east, 
where  tbla  boulder-cla;  gradually  passes  Into  sncb  gravels,  ttaere  is  no  means 
of  distinKuUhing  between  wholly  pr^laclal  beds  and  tbose  wblcb  may  bave 
been  formed  during  the  main  period  of  the  Rocky  Mountain  glaciers.  Many 
exposures  of  the  Saekatchenan  gravels  may  Include  both,  and  tbls  without 
ueceesitatlng  tbe  supposition  of  any  great  chronologic  break." 

From  the  observatiom  of  Dawson  and  McConnell  and  from  those  of 
oorselveB,  it  is  clear  that  gravek  exclusively  from  the  £ocky  MountainB, 
mostly  quartzite,  underlie  the  lower  till  of  the  Keewatin  ice-aheet  near 
Lethbridge,  underlie  the  drift  at  a  point  on  Belly  River  aitd  at  the  con- 
fluence of  North  and  Middle  forks  of  Oldman  River,  where  only  one 
boulder-clay  of  the  Keewatin  ice-aheet,  presum^ly  the  upper,  is  exposed, 
underlie  mountain  till  at  points  where  it  is  overlapped  by  drift  of  the 
Keewatin  Qlacier  on  Saint  Maty  River  and  on  South  Fork  of  Oldman 
River,  and  underlie  mountain  till  beyond  the  limit  of  the  drift  of  the 
Keewatin  ice  on  South  Fork  of  Oldman  River  and  on  Mill  Greek.  From 
these  relations  it  might  be  concluded  that  the  "quartzite  gravel"  is  wholly 
a  pregUcial  deposit. 

As  shown  from  quotations  given,  Dawson  did  regard  the  "quartzite 
gravel,"  where  underlying  mountain  till,  as  preglacial,  although  he  in- 
cluded it  under  the  name  "Saskatchewan."  He  states,  however/"  that 
from  his  atudia  on  Bow  River,  McConnell  "found  reason  to  believe  that 
the  Saskatchewan  gravels  of  the  plains  represent  and  gradually  pass  into 
a  'western  boulder-clay"  in  approaching  the  mountains."  Inasmuch  as 
the  gravels  in  the  Lethbridge  region  underlie  the  lower  boulder-clay  of  the 
Keewatin  ice-sheet,  he  concluded  that  the  mountain  till  was  older  than 
both  deposits  of  the  continental  ice-sheet. 

Onr  own  studies  in  southern  Alberta  were  not  sufficiently  exhaustive  to 
warrant  expressing  an  opinion  as  to  the  correctness  of  the  theory  that  the 
same  gravels  which  underlie  the  lower  till  of  the  Keewatin  ice-sheet  at 
Lethbridge  grade  westward  into  mountain  till.  It  is  quite  possible  that 
there  ia  in  places  such  a  gradation,  and  that  the  mountain  till  into  which 
auch  gravels  grade,  in  valleys  as  far  north  as  Bow  River,  or  even  on  Old- 
man  River,  is  really  older  than  the  lower  boulder-clay  of  the  Keewatin 
ice-sheet.  We  ourselves  saw  no  ground  for  such  a  conclusion  in  the  ex- 
posures which  we  examined.    It  is  quite  possible  that  this  far  north  pre- 

I  tbe  preseot  paper, 
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Wisconsin  mountain  till  may  have  been  deposited  in  valley  bottoms,  al- 
though in  the  Browning  and  adjacent  quadrangles  it  is  confined  to  the 
high-level  tracts.  We  are  inclined  to  think,  howeverj  that  the  mountain 
till  which  we  found  overlapped  by  till  of  the  Keewatin  ice  on  South  Fork 
of  Oldman  River  and  on  Drywood  Fork  of  Waterton  River  is  to  be  corre- 
lated with  the  moraines  of  the  mountain  glaciers  farther  west,  and  that 
it  la  of  Wisconsin  age.  As  has  already  been  indicated,  this  certainly 
seems  to  be  the  case  in  the  valleys  of  Belly  and  Saint  Mary  rivers  near 
the  49th  parallel. 

The  "quartzite  gravels"  in  southern  Alberta  are  largely  concentrated 
along  what  appear  to  be  pre- Wisconsin  drainage  lines.  So  fat  as  we  have 
seen  them,  these  gravels  are  not  exposed  continuously  for  any  considerable 
distance  in  the  bluffs  along  the  present  courses  of  the  streams,  unless  it 
be  at  Lethbridge,  nor  even  in  numerous  consecutive,  interrupted  sections. 
It  rather  seems  as  though  they  are  exposed  only  at  places  where  the 
.  present  streams  have  cut  across  older  stream  channels.  Where  the  gravels 
appear  in  one  section,  neighboring  sections  above  and  below  may  show  no 
such  gravels,  even  where  the  stream  has  cut  entirely  through  the  drift 
deposits  and  into  the  underlying  Cretaceous  or  Tertiary  shales  and  sand- 
stones. 

On  almost  all  those  parts  of  the  Browning  and  Blackfoot  quadrangles 
which  were  overrun  by  neither  the  Keewatin  ice-sheet  nor  the  later  moun- 
tain glaciers,  and  which  have  been  degraded  from  the  high  levels  of  the 
Blackfoot  and  second  peneplains,  quartzite  gravels  are  sprinkled  on  slopes 
and  lowlands.  The  stones  do  not  form  thick  deposits,  but  in  many  places 
are  set  almost  closely  enough  to  form  a  cobblestone  pavement,  and  along 
the  present  stream  courses  they  are  concentrated  to  beds  which  are  in 
places  several  feet  in  thickness. 

It  is  clear  from  the  relations  that  these  quartzite  pebbles  and  boulders 
have  been  let  down  during  the  process  of  degradation  of  the  area  from  the 
hi^-tevel  plains,  where  the  evidence  of  pre-Wisconsiu  mountain  glacia- 
tion  is  found.  In  their  present  positions,  therefore,  they  are  to  be  re- 
garded as  interglacial  gravels,  excepting  where  they  have  been  rehandled  ■ 
and  redeposited  by  the  streams  since  the  last  extension  of  the  mountain 
glaciera. 

On  the  basis  of  these  observations,  we  venture  to  express  the  opinion 
that  part  at  least,  if  not  all,  of  the  so-^?alled  "Saskatchewan"  gravel  ex- 
posed at  intervals  along  the  valleys  in  southwestern  Alberta  are  inter- 
glacial deposits  derived  by  erosion  from  the  pre-Wisconsin  mountain 
drift,  which,  near  the  boundary  line  and  to  the  south,  was  originally  con- 
fined very  largely  to  the  high-level  plains,  but  which  farUier  north  man- 
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tied  the  slopes  and  lower  surfaces  that  had  been  reduced  by  degradation 
prior  to  the  early  advance  of  the  mountain  glaciers.  The  gravel  under- 
lying the  lower  boulder-clay  of  the  Keewatin  ice-sheet  at  Lethbridge  may 
be  preglacial.  On  the  other  hand,  it  may  be  that  the  pre-Wisconsin  ex- 
tension of  the  taountain  ice  preceded  by  a  short  interval  the  deposition  of 
the  lower  boulder-clay  by  the  continental  glacier  in  the  same  way  that  the 
later  mountain  glaciers  reached  their  greatest  extension  and  began  to 
retreat  before  the  last  Keewatin  ice-sheet  reached  its  farthest  limit.  If 
this  was  the  case,  thrai  the  gravela  underlying  the  lower  till  at  Lethbridge 
may  be  correlated  with  this  pre-Wisconsin  stage  of  mountain  glaciation. 
Where  quartzite  gravel  underlies  the  later  mountain  till,  whether  within 
or  beyond  the  limit  of  extension  of  the  last  drift  of  the  Keewatin  ice- 
sheet,  we  are  inclined  to  regard  it  aa  an  interglacial  deposit  derived  by 
erosion  from  earlier  drift  on  the  higher  levels. 

AppwoAnoN  OP  THE  Namb  "Albhrtan" 

The  relations  of  the  several  glacial  and  interglacial  deposits  in  this 
region  being  such  as  described  above,  question  arises  as  to  the  application 
of  the  name  "Albertan"  proposed  by  Dawson. 

Following  the  presentation  of  observed  facts  in  the  paper  on  the  glacial 
deposits  of  southwestern  Alberta,"  Dawson  presented  some  theoretical 
deductions,  regarded  as  "the  more  obvious  conclusions  to  be  derived  from 
these  facts  and  their  interrelation."  In  the  course  of  the  present  paper 
reference  has  been  made  to  some  of  the  main  conclusions  which  Dawson 
presented  and  some  quotations  from  this  summary  have  been  given.  The 
discussion  of  the  eonditions  of  deposition  of  the  drift  on  the  Porcupine 
Hills  have  not  been  considered  in  detail,  and  this  need  not  be  done  in  the 
present  paper.  Referring  to  the  series  of  stages  which  Prof.  T.  C.  Cham- 
berlin  had  formulated"  within  the  year  immediately  preceding  the  pub- 
lication of  the  paper  on  the  glacial  deposits  of  southwestern  Alberta, 
DawBon  suggested  what  he  regarded  as  "the  probable  relations  of  the 
glacial  deposits  of  Alberta  to  this  general  classification." 

It  is  not  necessary  to  consider  in  this  place  all  the  particulars  of  the 
correlation  proposed  by  Dawson.  It  should  be  stated,  however,  that  he 
suggested  the  correlation  of  the  lower  boulder-clay  exposed  on  Belly  River 
with  the  "Kansan  formation"  of  the  Mississippi  Valley.  The  name 
Kansan  was  at  that  time  applied  to  the  till-sheet  underlying  the  Aftonian 

■>BiiII.  Oeol.  Boc.  Am.,  vol.  T.  pp.  31-DS. 

"  T.  C.  Cbunberlln  :  The  alasBl  flea  (Ion  of  American  gtaclKl  deposUs.  Journal  ot  Otol- 
ogy. "I.  m.  189B.  pp.  2T0-2T7. 

Jainca  Oelkte ;  The  Ormt  Im  Age,  3d  cd..  chap.  zU,  1894. 
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interglacial  beds,  and  this  sub-Aftoniao  till  was  regarded  as  the  oldest 
known  deposit  of  the  Keewatin  glacier. 

Believing  that  the  drift  of  the  CordiUerati  glaciers,  which  be  had  cor- 
related with  the  gravels  underlying  the  lower  boulder-clay  of  the  conti- 
nental glacier,  was  older  than  this  early  till  of  the  Keewatin  ice-sheet  and 
should  have  a  distinct  name,  he  proposed  the  name  "Albertan"  as  fol- 
low:" 

"Rerertlng  now,  on  the  basis  of  tbe  above  correlation,  to  ttae  Saskatcbeiraii 
gravele  and  tbe  'western'  boalder-clay,  It  will  be  apparent  tbat  tbese  muet 
represent  an  antecedent  and  unnamed  iita^e  of  gladatlon  Id  Nortli  AmeriM. 
This,  with  scarcely  any  doubt,  may,  from  the  observations  given  In  this  paper, 
be  regarded  as  that  of  the  mnxlnium  of  the  Cordllleran  glacier,  and  to  It  I 
would  propoee  to  apply  tbe  name  of  the  Albertan  stage  or  formation." 

Further  study  of  the  Pleistocene  deposits  in  the  MisBiBsippi  Valley  by 
the  geologists  of  the  Iowa  Survey  and  by  Mr.  Frank  J^verett  led  to  the 
conclusion  that  it  was  the  drift  overlying  rather  than  underlying  the 
Aftonian  interglacial  beds  which  extended  into  nortbeaatem  KaoEas  and 
to  which  the  name  Kansan  should  be  applied.  After  considering  this 
question  and  making  two  excursions  to  examine  some  of  the  deposits, 
Professor  Chacaberlin  diecuaaed  the  matter  of  classification  in  an  edi- 
torial in  the  Journal  of  Geology,'*  in  the  course  of  which  he  made  the 
following  statement: 

"During  the  past  summer  I  have  had  the  pleafitire  of  making  two  e:(rarsloiu 
wltb  Mr.  Bain  of  the  Iowa  Survey  to  localltlex  where  the  above  formatlona  art 
advaatageonaly  exhibited,  and  I  have  been  impressed  with  the  cogency  of  tbe 
arguments  of  tlie  Iowa  geologists.  While,  tberefore,  the  case  can  not  be  said  to 
be  demonstrative,  as  yet.  It  seems  best  to  arrept  tbe  appllnetlon  of  tbe  nomen- 
clature adopted  by  tbe  Iowa  Survey.  Tbia  placon  the  Aftonian  beds  bdow  tbe 
Kansan  series  instead  of  above  tbem.  It  puts  the  Hub-Aftonlan  sheet  of  till 
In  an  earlier  eateRory,  and,  for  the  present,  It  may  perhaps  be  regarded 
tentatively  as  Albertan.  although,  of  course,  it  can  not  now  be  demonstrated  to 
be  equivalent  to  tbe  Albertan  beds  of  Canada." 

The  name  "Albertan"  thus  passed  into  use  tentatively  as  correlated 
with  the  Bub-Aftonian  of  Chamberlin."  Such-usage  was  continued  until 
Calhoun  concluded  as  a  result  of  his  observations  that  the  drift  of  the 
mountain  glaciers  which  is  overlapped  near  the  49th  parallel  in  the  val- 
leys of  Saint  Mary  and  Belly  rivers  by  drift  of  the  Keewatin  Glacier  was 

"Bull,  Gml.  Soc,  Am,,  vol.  7.  pp,  65.66. 

"T.  C,  ChBinberlln  :  Editorial,  Journal  of  Geology,  toI,  4,  1868.  pp.  8T2-876. 

"  F'raiik  Lererett :  Tbe  UUnoli  gUclal  lobe.  Monogrsph  U.  9.  Geological  flurrej,  vol. 
S8.  18BB,  p.  40, 

Franb  I.«TerFlt :  Glacial  tonnsttoDa  and  drainage  features  of  tbe  Erie  and  OUo 
baslDB.    UoDograpb  U.  S.  Geological  Survey,  vol.  41,  1903,  p.  20. 
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of  WiscoDBin  age,  and  that  the  "quartzite  gravelB"  on  the  high-level  tracts 
in  the  region  under  discussion  were  pre-Glacial  in  age," 

Following  thia  the  name  "Albertan"  has  fallen  into  disuse  by  glacial 
geologists.*' 

It  now  appears  from  further  study  of  the  "quartzite  gravel"  and  aseo- 
eiated  till  deposits  on  the  remnants  of  the  high-level  plains  in  the  Glacier 
Park  region  that  there  is  conclueive  evidence,  regardless  of  what  may  be 
thought  of  the  deposits  studied  by  Dawson  and  McConnell,  that  there  was 
one  or  more  earlier  extensions  of  the  Rocky  Mountain  glaciers.  If,  there- 
fore, the  name  "Albertan"  is  to  be  used  at  all,  it  seems  as  though  it  should 
be  applied  to  the  drift  on  the  remnants  of  the  highest  plain,  the  Black- 
foot  peneplain,  as  best  preserved  in  the  Browning,  Montana,  quadrangle. 
It  should  also  include  drift  of  the  (llordilleran  Glacier,  which  may  be 
shown  to  be  of  the  same  age,  though  lying  in  valleys  farther  north,  hut 
should  not  include  the  mountain  drift  composing  the  moraines  near  the 
front  of  the  Rockies  in  southwest  .Mberta,  these  latter  moraines  probably 
being  of  Wisconsin  age.  This  makes  the  name  a  little  incongruous  be- 
cause the  most  distinctive,  and  what  ):hould  be  regarded  as  the  type,  de- 
posits of  this  drift  have,  so  far  as  known,  but  very  email  areal  extent  in 
Alberta.  There  are,  however,  good  exposures  of  a  thickness  of  100  feet 
of  this  high-level  glacial  till  on  the  northern  part  of  the  ridge,  which  ex- 
tends 5  or  6  miles  north  of  the  International  Boundary  on  the  east  side 
of  Belly  River,  and  this  may  be  regarded  as  typical  of  the  "Albertan"  in 
southern  Alberta.  A  similar  deposit  may  yet  be  found  on  the  ridge  east 
of  Waterton  lakes  and  possibly  one  or  two  ridges  farther  north,  which 
were  not  overridden  by  the  later  ice,  may  carry  some  of  this  drift,  al- 
though this  is  doubtful. 

Thus  applied  it  would  he  used  in  a  sense  not  greatly  different  from  that 
intended  by  Dawson  as  designating  the  stage  at  which  occurred  the  ear- 
liest known  extension  of  the  Cordilleran  Glacier  and  the  deposits  formed 
by  this  glacier  at  this  early  stage.  Dawson  used  the  expression  "maximum 
nf  the  Cordilleran  Glacier,"  but  it  is  not  clear  that  the  extension  of  the 
ice  onto  the  plain  in  the  Browning  and  neighboring  areas  at  this  earliest 
stape  was  on  the  whole  greater  than  that  at  the  Wisconsin  stage.  The 
deposits  on  the  high  levels  extend  farther  out  from  the  mountain  front 
(han  do  those  of  the  Saint  Mary  and  Cutbank  glaciers,  hut  not  farther 
than  those  of  the  Two  Medicine  piedmont  glacier. 

On  the  whole,  however,  and  after  consultation  with  Dr.  T.  C.  Cham- 
berlin  on  the  subject,  we  are  inclined  to  think  that  continuance  of  the  use 
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of  the  name  "Albertan"  will  lead  only  to  confuaion.  We  do  not  wisb  to 
propose  any  substitute  at  this  time,  preferring  to  designate  this  earliest 
known  stage  of  Cordilleran  glaciation  aa  pre-Wisconsia  until  more  ex- 
tended detailed  obBerrations  are  made. 

The  question  of  correlation  with  the  deposits  recognized  in  the  Missis- 
sippi Valley  must  still  be  left  open.  It  seema  probable  on  a  pritfri  grounds 
that  this  early  stage  of  glaciation  in  the  Cordillera  corresponded  with 
either  the  earliest  known  stage  of  continental  glaciation,  that  to  which 
the  names  pre-Kansan,  sub-Aftonian,  and  Nebraskan  are  now  variousjv 
applied,  or  to  tbe  stage  following  the  Aftonian  interglactal  stage  to  that 
DOW  known  as  Kausan  stage  of  glaciation.  For  better  grounds  of  classi- 
fication we  must  await  detailed  study  of  the  pre-Wisconsin  deposits  in  the 
area  between  this  region  and  western  Iowa. 

A  POSSIBLE  INTERMEDIATE  StAGB  OF  CORDILLEBAN   QlACIATION 

On.  pages  534  and  535  attention  is  called  to  the  presence  of  remnants 
of  a  second  and  lower  plain,  or  set  of  plains,  on  the  high  levels  of  the 
Browning  and  Blackfoot  quadrangles.  The  best  representative  of  this 
second  set  of  plains  comprises  the  larger  part  of  the  top  of  Milk  Rirer 
Bidge.  On  pages  539  and  540  brief  consideration  is  given  to  the  hy- 
pothesis that  the  earliest  extension  of  the  mountain  glaciers  may  have 
occurred  after  the  second  set  of  high-level  plains  had  been  developed,  but 
the  statement  is  made  that  we  think  there  is  some  ground  for  tbe  opinion 
that  the  earliest  glaciation  occurred  prior  to  the  development  of  the  second 
set  of  plains.  If  this  opinion  is  tenable,  what  is  the  significance  of  the 
glaciated  material  on  the  second  set  of  plains? 

For  purposes  of  record  we  present  here  a  somewhat  detailed  statenieul 
of  the  glacial  deposits  observed  on  the  remnants  of  the  second  set  of  high 
plains. 

In  the  former  paper  by  the  senior  author'*  the  following  statement  was 
made  concerning  the  deposits  on  that  part  of  the  top  of  Milk  River  Ridge 
which  was  traversed  in  1911 : 

"Dnderlying  this  extensive  higb  level  ptnln  la  a  yellowish  to  brownisb 
oxidized  gravelly  deposit  like  tlist  described  above,  conslstlDK  principally  ot 
quartzlte  with  much  green  and  red  ni^llllte,  diorlte,  anil  Rome  limestone.  Tbe 
stones  are  snbangular  to  rounded,  and  It  seemed  to  me  lliere  was  no  notable 
decrease  in  slKe  with  lucreiiBlng  distnnee  from  the  mountains.  Numerous 
boulders  1  to  114  feet  in  dlnmeter  nre  found  2  to  3  miles  from  the  head  of 
this  plain  and  8  to  10  miles  from  the  mountains,  tbe  source  of  all  the  materlflL 
That  expoeed'ln  a  ravine  In  the  northeast  quarter  of  section  12,  townsblii  M 
north,  range  t3  west,  consisted  of  clay,  pebbles,  and  boulders  mixed  as  in 

■•  Bull.  Geo].  Sac,  Am.,  vol.  S3,  iai2,  pp.  606. 
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glBdal  till.  In  the  soutbeast  quarter  of  tbls  section  100  feet  of  unassorted 
material  was  found,  and  In  the  northwest  quarter  of  section  6,  township  33 
north,  range  12  west,  a  tblckness  of  ISO  feet  was  obgeired.  Here  and  else- 
where glaciated  pebbles  were  found,  though  these  are  nowhere  abundant  and 
consist  mootl;  of  the  green,  quartzltic  argUllte.  Such  striated  erratics  were 
found  In  the  sides  of  the  vaU^  of  Arnold  Creek  as  far  out  on  this  plain  as  our 
trarerw  was  extended." 

In  October,  1912,  the  top  of  this  ridge  was  crossed  and  the  drift  exam- 
ined at  numerous  places  in  township  34  north,  range  12  west.  In  the 
east  ^,  section  32,  is  an  old  scarp  exposing  the  drift,  but  partly  grassed 
over  and  obscured,  so  that  we  could  not  determine  positively  that  the  de- 
posit was  unmodified  till,  though  the  heterogeneous  mixture  of  fine  and 
coaise  material  favora  such  interpretation.  It  is  possible  there  was  an 
error  in  location,  and  that  this  is  the  exposure  seen  by  Mr.  Thomas  in 
1911  and  described  above  as  in  northweat  ^,  section  6,  township  33  north, 
range  12  west.  At  this  exposure  no  limestone  pebbles  were  seen  and  peb- 
bles of  diorite  were  disintegrating.  Numerous  striated  pebbles  of  red  and 
green  argillite  were  noted.  Such  vere  also  found  at  several  other  ex- 
posures (plate  14,  number  8). 

The  new  grade  on  the  Browning-Babb  stage  road,  which  crosses  the 
ridge  in  the  northern  part  of  this  township,  exposes  1  to  4  feet  of  gravelly 
drift.  This  is  not  definitely  stratified  and  contains  striated  stones,  but 
moat  of  the  pebbles  are  quite  well  rounded,  as  though  water  handled. 
Similar  drift,  with  striated  pebbles,  was  found  on  this  second  plain,  ex- 
tending northeastward  through  the  northwest  part  of  township  11  north, 
range  34  west,  and  also  as  far  north  as  the  northwest  comer  of  section  16, 
township  35  north,  range  11  west.  This  last  location  is  nearly  30  miles 
from  the  mountain  front.  Striated  pebbles  were  also  found  in  the  drift 
on  the  flat  top  of  the  hill  west  of  the  Wetzel  Banch,  in  sections  38  and  33, 
township  36  north,  range  12  west. 

On  the  ridge  between  Peterson  Coulee  and  Livermore  Creek  many 
qnartzite  boulders  1  to  3  feet  in  diameter  are  to  be  seen  where  the  stage 
road  crosses.  On  the  ridge  north  of  Peterson  Coulee  (townsliip  35  north, 
range  12  west,  sections  9  and  11)  finely  striated  pebbles  were  found  in  the 
gravelly  drift  at  nearly  every  point  where  examination  was  made  between 
die  stage  road  and  a  point  2  miles  east.  Some  of  the  pebbles  are  nearly 
as  finely  scored  as  those  in  the  later  drift  (plate  14,  number  7) .  No  good 
sections  of  the  deposit  were  seen. 

Where  slightly  exposed  in  the  north  part  of  section  2,  township  35 
north,  range  13  west,  about  a  mile  southwest  of  Qoberts  Banch,  3  feet  of 
oxidized,  brownish  gravelly  drift  was  seen,  containizig  striated  pebbles. 
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Numerona  striated  pebbles  were  also  found  on  the  ridge  north  of  Goberts 
Uanch,  between  the  two  Btage  roads,  in  sections  25,  36,  and  36,  township 
36  north,  range  13  west,  and  in  west  ^,  section  30,  township  36  north, 
range  13  west  (plate  14,  number  6). 

Renmante  of  this  second  plain  in  the  northwestern  part  of  the  filadc- 
foot  quadrangle,  in  to^'nehip  37  north  and  ranges  9  and  10  west,  carry  a 
similar  gravelly  material,  evidently  a  continuation  of  the  same  deposits. 
These,  however,  were  not  examined  with  sufficient  care  to  determine 
whether  or  not  they  contain  striated  pebbles. 

The  flat  top  of  that  part  of  Horsethief  Ridge  in  township  35  north, 
range  8  west,  is  probably  an  isolated  remnant  of  this  second  set  of  plains. 
This  ridge,  which  is  about  35  miles  eaat  of  the  mountain  front,  is  capped 
with  a  gravelly  deposit  of  the  same  character  and  composition  as  the 
ridgee  to  the  west.  The  pebbles  here  are  almost  wholly  of  quartzite,  with 
but  very  little  greenish  argillite.  They  are  mostly  suhangular,  with  more 
or  less  flat  faces  and  with  edges  smoothly  worn;  but  only  a  small  part  of 
them,  even  the  smaller  ones,  arc  well  rounded.  No  striated  pebbles  were 
found  where  the  deposit  was  examined  in  the  slight  exposures  at  the 
crest  of  the  west  slope. 

These  observations  show  that  the  deposits  on  the  second  set  of  plains 
are  quite  as  characteristically  glacial,  or  glacio-fluval,  drift  as  are  those 
on  the  remnants  of  the  highest  set  of  plains  at  points  equally  distant  from 
the  mountains.  The  relations  are  not  such,  however,  as  to  show  clearly 
that  these  deposits  represent  a  second  and  distinct  stage  of  glaciation. 
As  has  been  shown  on  pages  539  and  540,  there  are  several  possibilities: 

A.  The  drift  on  the  highest  set  of  plains  may  have  been  deposited  by  a 
glacial  extemioQ  prior  to  the  development  of  the  second  set  of  plains.  If 
the  drift  on  the  isolated  higher  tracts  and  in  township  35  north,  range  11 
west,  and  in  section  12,  township  35  north,  range  12  west,  is  a  glacio- 
fluvial  deposit,  then  its  deposition  and  the  flrst  glaciation  must  have  pre- 
ceded the  dissection  of  the  peneplain.  Depending  on  this  interpretation 
are  two  hypotheses  concerning  the  drift  on  the  second  set  of  plains: 

(1)  If  this  latter  drift  is  in  part  at  least  unmodified  glacial  till,  as  we 
are  inclined  to  think  from  the  exposures  seen  on  that  part  of  Milk  Rivet 
Ridge  south  of  Horse  Lake,  then  we  may  regard  it  as  evidence  that  at  a 
second  stage  of  glaciation  the  ice  extended  out  onto  the  second  set  of 
plains. 

(2)  If  this  latter  deposit  be  regarded  as  consisting  wholly  of  modified 
drift,  it  may  have  been  let  down  by  erosional  degradation  of  the  deposits 
on  the  higher  plain.  In  this  case  it  is  not  evidence  of  a  second  stage  of 
glaciation. 
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B.  If  the  drift  on  the  second  plains  be  considered  as  partly  unmodified 
rill  and  partly  the  coarse  residuuok  from  the  leaching  of  till,  and  if  the 
drift  on  the  isolated  high  tracts  also  be  regarded  as  of  the  some  kind,  then 
it  may  be  concluded  that  the  first  advance  of  the  mountAln  ice  occuired 
suteequeut  to  the  development  of  the  second  set  of  plains;  that  the  ice 
deployed  over  these  and  extended  tlieoce  up  oDto  the  higher  tracts  as  far 
as  20  luiles  from  the  mountain  front.  Under  these  conditions  we  have 
evidence  of  hut  one  pre-Wisconsin  stage  of  glaciation. 

More  detailed  work  will  be  required  to  determine  whether  there  was  or 
was  not  a  second  pre-Wisconsic  stage  of  glaciation. 

SUMMABT 

1.  With  the  exception  of  one  not  yet  examined,  all  tlie  high  ridges  ex- 
tending up  to  the  mountain  front  are  capped  with  pre-Wisconsin  glacial 
till. 

2.  The  Blackfoot  peneplain  is  represented  by  the  top  of  Belly  River 
Kidge  and  that  of  the  ridge  east  of  Waterton  lakes.  These  are  the  only 
remnants  of  the  high-level  plains  seen  in  southern  Alberta,  unless  the  top 
of  Dawson's  Milk  River  Bidge  is  such.  All  others  have  suffered  degrada- 
tion. 

3.  There  are  finely  preserved  remnants  of  these  high  plains  in  the 
Browning  and  Blackfoot  quadrangle  south  of  the  International  Boundary. 

4.  The  difference  in  topographic  development  between  the  areas  north 
and  south  of  the  boundary  is  believed  to  be  due  to  the  ascendancy  of 
Hudson  Bay  drsioage  over  that  of  Missouri  River. 

5.  The  highest  of  the  high-plain  remnants  represents  the  Blackfoot 
peneplain.    Second  and  third  lower  sets  represent  later  cycles  of  erosion. 

6.  The  third  set  of  plains  was  overrun  by  mountain  glaciers  of  the 
Wisconsin  stage. 

7.  Qlaciated  pebbles  were  found  in  the  "quartzite  gravels"  on  all  the 
renmants  of  the  highest  plain  examined  within  20  miles  of  the  mountain 
front 

8.  There  is  ground  for  the  opinion  that  at  the  time  of  the  earliest  ex- 
tension of  the  mountain  glaciers  that  part  of  the  Blackfoot  peneplain  in 
the  Browning  quadrangle  had  been  but  little  dissected,  if  at  all,  although 
farther  north  degradation  had  reached  an  advanced  stage, 

9.  Gravelly  material  on  Horsethief  Ridge  and  Landslide  Butte,  35  to 
40  miles  from  the  mountain  front,  is  probably  part  of  the  same  glacial  or 
glacio-fluTiol  deposit,  although  no  striated  pebbles  were  found. 

10.  Comparison  shows  that  when  Saint  Mary  Valley  was  about  1,000 
feet  less  deep  than  at  present  the  conditions  for  extension  of  the  com' 
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bined  mountain  glaciers  onto  the  Blackfoot  peneplain  must  have  beeD 
i]uite  as  favorable  as  were  those  in  the  area  of  the  Two  Medicine  Glauer 
at  the  Wisconsin  stage.  The  tatter  piedmont  glacier  extended  about  'iS 
miles  from  the  mountain  front, 

11.  It  is  not  certain  that  there  ie  pre-Wisconain  drift  of  the  Keewatiu 
Glacier  in  any  of  the  valleys  within  '60  or  40  miles  oorth  of  the  41ltli 
parallel,  so  that  It  is  not  kuown  that  the  streams  had  cut  to  anything  Uke 
their  present  levels  before  the  earlier  glaciation.  There  is,  however, 
unmodified  glacial  till  in  the  valleys  farther  north  which  may  be  as  old 
88  the  high-level  mountain  drift,  showing  that  the  atreams  had  there  cut 
down  nearly  to  their  present  levels  before  the  time  of  the  earlier  glacis- 
lion. 

12.  It  is  believed  to  be  the  uppermost  drift  of  the  Keewatin  ice-abeet, 
that  of  the  Wisconsin  stage,  which  extends  to  the  limit  of  continental 
glaciation  in  this  area,  and  there  overlaps  till  depoaited  by  the  mountain 
glaciers. 

13.  The  mountain  drift,  which  was  seen  to  be  overlapped  by  the  drift 
of  the  Keewatin  ice-sheet  in  the  valleys  of  Saint  Mary  and  Belly  rivers 
and  farther  north,  is  characterized  by  uneroded  moraines  just  beyoud  the 
limit  of  the  drift  of  the  Keewatin  ice  and  is  regarded  as  deposited  at  the 
same,  Wisconsin,  stage  of  glaciation.  Dawson  referred  this  drift  and  the 
moraines  to  his  "Albertan"  stage. 

14.  It  is  quite  possible  that  there  is  pre-Wiaconsin  mountain  drift  in 
the  valley  of  Oldman  Biver  or  farther  north,  and  that  this  grades  east- 
ward into  "quartzite  gravels,"  such  us  those  underlying  the  lower  boulder- 
day  of  the  Keewatin  ice-sheet  at  Lethbridge.  Qawaon  states  that  He- 
Connell  observed  this  relation  farther  north  on  Bow  River,  and  from  this 
relation  he  inferred  the  early  deposition  of  the  mountain  drift  We  did 
not,  however,  observe  such  a  relation,  and  we  feel  quite  safe  in  the  corre- 
lation indicated  above  in  paragraph  13. 

15.  We  are  inclined  to  think  that  a  part  at  least,  if  not  all,  of  the  bo- 
called  "Saskatchewan"  gravel  exposed  at  intervals  along  the  valleys  in 
southwestern  Alberta  is  an  interglacial  deposit  derived  by  ertsion  from 
the  pre-Wisconsin  mountain  drift,  which,  near  the  boundary  line  and  to 
the  south,  was  originally  confined  very  largely  to  the  high-level  plains, 
but  which  farther  north  mantled  the  slopes  and  lower  surfaces  that  had 
been  reduced  by  degradation  prior  to  the  early  advance  of  the  mountnin 
glaciers. 

16.  If  the  name  "Albertan"  is  to  be  used,  we  think  it  should  be  applied 
to  the  pre-Wisconain  mountain  drift  on  the  remnants  of  the  highest  plain, 
the  Blackfoot  peneplain,  aa  best  preserved  in  the  Browning,  Montana, 


Digitized  bvGoOgIc 


SUMMARY  571 

quadrangle.  It  should  alao  include  drift  of  the  Cordilleran  Glacier, 
which  may  be  shown  to  be  of  the  same  age,  though  lying  in  the  valleys 
farther  north,  but  should  not  include  the  mountain  drift  composing  the 
luoraioes  near  the  front  of  the  Rocky  Mountains  in  southwestern  Alberta, 
the  latter  moraine  probably  being  of  Wisconsin  age.  Thus  applied  it 
would  be  used  in  a  sense  not  greatly  different  from  that  intended  by 
Dawson,  as  designating  the  stage  at  which  occurred  the  earliest  known 
extension  of  the  Cordilleran  Glacier  and  the  deposits  formed  by  this  gla- 
cier at  this  early  stage.  We  do  not,  however,  favor  the  continued  use  of 
the  name  "Albertan." 

17.  It  seems  probable  that  the  earliest  stage  of  Cordilleran  glaciation 
corresponds  either  to  the  earliest  known  stage  of  continental  glaciation — 
that  is,  pie-Eansan  or  Nebraskan  or  to  the  Kansan  stage — but  the  correla- 
tion is  as  yet  undetermined. 

18.  The  occurrence  of  gravelly  deposits,  underlying  the  second  and 
lower  set  of  plains  and  containing  striated  pebbles,  may  be  regarded  as 
evidence  of  a  second  pre-Wiaconsin  extension  of  the  Cordilleran  glaciers, 
but  the  relatioDB  are  not  conclusive. 

Addendum 

Evidence  of  a  pre-Wisconstn  continental  glaciation  extending  south  of 
the  International  Boundary,  and  probably  the  counterpart  of  the  pied- 
mont glaciation  on  the  high  levels  near  the  mountains,  has  recently  been 
obtained  as  a  result  of  field  work  during  the  summer  and  fall  of  1913. 
About  15  miles  east  of  the  Swectgrass  Hills  (see  figure  1),  on  a  small 
coulee  tributary  to  Sage  Creek  from  the  north,  in  township  36  north, 
range  8  east,  Montana,  the  following  section  was  observed  in  good  ex- 
posures extending  several  hundred  feet  along  the  nearly  vertical  banks  of 
the  coulee. 


rset 

X  Stony,  compact  till  of  Keewatln  Glacier  (WIbcodbIq  Btage),  containing 
an  abundance  of  Laurentlan  cryBtalllne  pebbles  :iDd  Paleoaolc  ?  lime- 
stone pebbles.    Tble  till  la  as  fresh  and  unweathered  as  tbat  ueuallf 

found  In  tbe  drift  of  Wisconsin  age 6 

).  Stonj,  compnct,  but  much-weatbered  till  of  Keewatln  Qlacler  (pre- 
Wisconsin  stage),  containing  many  Lanrentlan  crystalline  pebbles. 

but  no.  or  only  very  few.  limestone  pebbles 6 

L     Clay  and  sandstone  of  Judith  River  formation  (Cretaceous) 

The  recognition  of  two  separate  drift  sheets  in  the  above  section  rests 
otirely  on  the  difference  in  the  amount  of  weatiiering  present  in  each, 
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their  general  compoeitioD  and  appeannce  being  almost  identical  except 
in  this  particular.  In  the  Qlder  till  the  cryBtalline  lAurentian  pebbles 
present  are  bo  much  decayed  and  f liable  tJiat  they  fall  to  pieces  witli  i 
light  blow  from  the  hammer,  while  in  the  upper  till  tbey  are  £nn  lod 
fresh  and  practically  unweathered.  The  limeatone  pebbiea,  which  are 
fairly  abundant  in  tiie  upper  till,  are  practically  entirely  le«ched  oit  of 
the  lower,  whicli  is  partly  indurated  in  places  and  deeply  iron-slaiued. 
I'he  difference  in  the  appearance  of  theee  two  bands  of  till  is  so  markeci 
that  they  can  easily  be  distinguished  at  a  distance  of  one-fourth  U>  one- 
half  mile.  Judging  from  the  amount  of  weathering  present,  it  seenu  en- 
dent  that  the  time  interval  betweoi  th^  lower  and  upper  of  these  two  dlls 
is  much  greater  than  that  between  the  upper  (Wisconsin)  till  and  the 
preBent 

On  the  whole,  it  seems  reasonable  to  infer  that  tJie  lower  till  here  foiuiil 
corresponds  to  the  lower  till  found  on  the  Belly  Biver  at  Lethbridge, 
Alberta,  and  also  probably  to  the  old  continental  drift  found  south  and 
east  of  the  margin  of  the  Wisconsin  drift  in  eastern  Kont&na  and  western 
North  Dakota. 
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Gbeen's  View  that  the  Eilauea  Emanation  is  Anhtdbods 
In  a  book,*  now  little  known  and  rare,  William  Lowthian  Green,  a  dis- 
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tdngniahed  Englidiman,  long  in  the  serrice  of  the  native  goveroBMnt  at 
the  Hawaiian  Islands,  writes  as  follows : 

"WliBt  we  maloly  wish  to  contend  for  asd  to  Impress  upon  geolt^sts — for 
re-coos Ideratloa,  at  loast^lB.  tbnt  It  may  be  a  mistake  to  easert,  as  la  bo  often 
done  in  tbe  most  positive  manner,  tbat  water  and  steam  are  Ins^urably  con- 
nected with  volcanic  action.  On  the  contrary  it  would  appear  that  elastic 
vapors  have  nothing  to  do  with  the  liquidity  of  the  Hawaiian  basic  lavas,  aad 
that  as  a  matter  of  fact  they  do  not  seem  to  come  up  with  them  from  btiow. 
wbllst  the  basic  minerals  themselveH  fdve  no  indications  lu  the  main  eraptlonn. 
of  having  been  In  contact  with  water,  highly  susceptible  as  they  are.  to  sucli 
an  Inlluraice," 

Mr.  Qreeu  was  not  only  a  keen  observer  of  the  manner  of  operation  of 
the  physical  forces  which  participate  in  the  volcanic  activity  to  be  seen  is 
the  Hawaiian  Islands,  but  his  opportunities  for  studying  such  phenomena 
were  quit«  exceptional.  His  conclusion,  supported  as  it  was  by  many  facte 
of  observation,  has  therefore  demanded,  and  indeed  has  received,  consider- 
ation  at  the  hands  of  geologists  generally,  although  until  very  lately  no 
one  has  been  willing  to  consider  it  as  having  any  application  to  volcanoes 
outside  Hawaii. 

Bbdn  maintains  the  same  View 

More  recently  Albert  Bran,  a  chemist  of  Qeneva,  Switzerland,  has 
offered  data'  (apparently  without  knowing  the  work  of  Green)  gathered 
from  a  great  number  of  active  volcanoes  with  intent  to  prove  by  analysts 
of  the  gases  which  he  collected  that  water  plays  no  part  in  volcanic  activ- 
ity. His  words  are  as  follows  (page  249,  following  a  detailed  statement 
of  reasons  which  will  be  considered  below) : 

"11  eat  done  parfaitement  certain  gue  le  voEcan  paroxgmnal  n'cxhale  pat 
d'eau.  La  preuve  est  falU.  Le  graud  panache  blanc  est  compost  de  partlcuies 
solidea  et  anhj/dret." 

"H  faut  dULC  qae  la  th4oil«  aanense  dlstiaralaia  de  la  Ktsnce." 

(The  italics  and  black-faced  type  are  Bran's.) 

Except  for  these  two  conspicuous  instances,  students  of  vulcanism  have 
generally  concluded*  that  water  is  usually  if  not  always  the  chief  agent  in 
volcanic  activity. 

■  BechcrchM  lur  rBihalalgan  Volcnnlquc.     Gcdptb.  1911, 

•O.  Poulett  Scrope:  "VolcanoHi,"  LDDdon,  1872.  Jobn  W.  Juda :  "Volooon.  Wliil 
Th«y  Are  and  Wh«t  They  Teacb,"  London.  1881.  JamsB  D.  Dana:  'Tbaraclrrlattca  of 
Tolcanoe^"  New  York,  ISfil.  A.  Gelkle :  "Teitbctok  of  Owlogr."  toI.  I,  London,  1003. 
8.  Arrhenlus  :  "Lehrbuch  der  CaamlHcben  PUyslk."  Leipilg.  1B03.  It  ahould  pfrhaps  be 
sdded  tbat  some  have  Hprrsaed  tbe  oplnloD  tbat  Ibe  imporCaDce  of  water  tiaa  been  orer 
eatlmated,  without  eiplleit  dealal  of  Ita  participation  Id  toIcbdIc  actlvit;.  (See.  for 
example,  J.  G.  Bomemann  :  "0et>er  Scblakenkegel  und  Laven,  ein  Beltrag  lur  Lislire  tob 
ValkulamtK"  Jalitb.  d.  KkL  pr.  seoL  L«iidesaiul«lt  a.  Bcriakad,  188T,  p.  280.) 
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It  IB  not  oar  purpose  to  diBcusB  this  question  at  this  time  except  in  so 
far  OB  it  may  Had  application  in  the  volcano  Kilauea  on  the  Island  of 
Hawaii,  but  this  volcano  provided  all  of  the  material  for  Green's  discus- 
sion and  a  very  essential  portion  of  that  offered  by  Brun.  It  will  there- 
fore be  of  interest  to  record  some  observations  made  in  the  course  of  an 
extended  study  of  this  volcano  by  the  writers  during  the  summers  of  1911 
and  1912.  The  purpose  of  these  studies  is  to  obtain  definite  information 
about  the  character  of  the  chemical  reactions  which  take  place  in  an  active 
volcano,  and  in  particular  to  determine  the  role  played  by  the  gaseous 
components,  which  are  very  important  factors  in  both  its  chemical  and 
physical  activities.  In  many  studies  of  volcanoes  the  gases  have  been 
allowed  to  escape  entirely,  while  in  others  they  were  not  captured  until 
the  nature  of  the  components  was  so  much  altered  by  oxidation  or  other- 
wise that  their  identification,  to  say  nothing  of  the  determination  of  their 
relative  proportiona  and  the  character  of  the  equilibrium  existing  between 
them,  has  remained  uncertain.  On  these  broader  questions,  which  are 
laboratory  problems,  most  of  the  work  still  remains  to  be  done.  It  is, 
however,  quite  possible  to  offer  evidence  on  the  participation  of  water 
and  of  some  of  the  other  volatile  ingredients  in  the  activity  of  Kilauea  in 
advance  of  this  study,  which  may  require  some  years  before  all  the  ques- 
tions which  have  been  raised  are  satisfactorily  elucidated. 

DiSCOSSION  OF  THE  OfiSERVATIOHS  OP  GREEN  AND  BbUN 

First  let  us  review,  somewhat  briefly  the  observations  which  led  Greeo 
and  Brun  to  the  same  novel  conclusion,  that  water  has  no  part  in  the  vol- 
canic activity  of  Kilauea,  In  the  case  of  Green,  such  a  review  is  not  alto- 
gether easy.  His  reasoning  is  based  on  deductions  from  many  phe- 
nomena, such  as  appeal  to  an  observer  an  the  ground:  great  lava  streams 
without  a  trace  of  vapor  rising  from  them ;  a  condition  of  great  activity 
in  the  lava  pit  of  Halemaumau  (the  only  portion  of  the  Kilauea  volcano 
now  continuously  active),  with  hardly  a  trace  of  any  cloud  above  it;  a 
raHier  conspicuous  difference  in  character  between  the  Halemaumau  cloud 
(when  there  is  one)  and  the  clouds  which  arise  from  numerous  steam 
cracks  in  the  country  round  about,  etcetera.  Perhaps  the  chief  factor 
which  clinched  his  conclusion  was  the  fact  (which  we  also  observed)  that 
there  are  times  when  a  magnificent  cloud  rises  from  the  active  basin,  sepa- 
rated by  but  a  day  or  two  from  periods  when  practically  no  cloud  can  be 
seen,  and  this  with  no  apparent  change  either  in  the  character  or  amonnt 
of  activity  visible  in  the  basin.  He  therefore  concluded  that  if  steam  was 
the  moving  force,  and  if  the  great  white  cloud  was  the  manifestation  of 
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that  fact,  its  presence  muEt  be  expected  on  one  day  as  much  as  on  another 
in  which  the  same  gas  and  lava  conditioue  appeared  to  prevail. 

He  was  also  able  to  discover  no  diminution  in  the  liquidity  of  the  Ian, 
either  in  the  crater  or  in  the  great  lava  Btreams  during  those  periods  when 
no  cloud  was  seen,  and  therefore  no  causal  connection  between  the  piw- 
ence  of  the  gases  and  fluidity  of  the  lava. 

Had  it  occurred  to  Green  to  try  to  remelt  some  of  the  solidified  lavi 
after  the  gases  had  escaped,  this  last  puzzling  question  would  have  tweo 
clearer  to  him,  for  the  crudest  effort  would  at  once  have  revealed  the  fact, 
which  since  then  has  often  been  noted,  that  these  lavas,  when  reheated  to 
the  temperature  prevailing  in  the  lava  lake  before  solidification,  remain 
quite  rigid — the  characteristic  iluidity  has  departed  with  the  escaping 
gasee. 

Brun's  statement  of  his  observations  at  Kilauea  is  more  explicit.  In 
particular  he  offers  six  definite  reasons  for  believing  that  steam  is  not 
present  either  in  the  lava  basin  or  in  the  cloud  above  it.    They  are  these: 

(1)  The  cloud  arising  from  the  crater  does  not  evaporate  in  the  son  u 
do  the  clouds  arising  from  neighboring  cracks  after  a  rain,  but  can  be 
seen  floating  majestically  away  often  for  20  miles  or  more. 

(2)  So  rainbow  or  other  optical  phenomena  can  be  detected  in  the 
cloud  arising  from  the  crater,  although  rainbows  are  abundant  enough  in 
the  vicinity  under  appropriate  conditions. 

(3)  If  the  cloud  were  of  steam  emerging  from  white-hot  lava,  there 
should  be  an  interval  of  a  few  feet  between  the  point  of  emergence  and 
the  beginning  of  condensation  (like  the  dark  space  immediately  in  front 
of  the  spout  of  a  steaming  tea-kettle)  in  which  the  steam  should  be  in- 
visible.   No  such  dark  apace  could  be  seen. 

(4)  As  the  cloud  rises  past  the  rim  of  the  crater  on  the  leeward  side, 
the  walls  about  the  crater,  being  comparatively  cold,  should  be  wet  with 
the  condensed  vapor,  whereas  in  fact  these  walls  remain  quite  diy. 

(5)  A  train  of  glass  tubes  was  lowered  over  the  rim  of  the  crater  for  i 
few  yards  on  the  side  where  the  cloud  was  emerging,  and  through  these 
tubes  (some  850  feet  distant  from  the  nearest  liquid  lava,  it  may  be  re- 
marked) air  and  the  vapors  carried  by  it  were  pumped  for  several  minutes, 
but  no  trace  of  condensed  moisture  appeared  on  the  inside  walls  of  the 
tubes.  Examination  with  a  hand  lens  revealed  the  fact  that  the  tube  walls 
were  quite  thickly  covered  with  crystallized  salts,  some  of  which  were 
stated  to  be  hydrates  or  to  be  hygroscopic,  but  this  was  deemed  to  be  dne 
to  original  moisture  { 1)  carried  on  the  tube  wall  before  the  beginning  of 
the  experiment.    N?  analyses  of  the  gases  or  of  the  solid  salts  are  given. 
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(6)  A  dew-point  hygrometer  carried  along  the  rim  through  the  smoke 
cloud  ehowed  a  lower  humidity  within  the  cloud  than  in  the  clear  air  just 
outside  of  it. 

Before  proceeding  to  recount  our  own  experience  with  these  phenomena, 
it  may  be  aa  well  to  express  out  belief  that  nearly  ail  of  these  observations, 
both  of  Green  and  Bnm,  may  be  perfectly  true  as  reconnted  above,  and 
still  offer  no  proof  that  the  volcano  exhales  no  water  vapor. 

The  Explanation  of  the  Volcano  Clood 

Qreen's  observation  that  the  great  white  cloud  appears  but  intermit- 
tently may  be  explained  by  a  somewhat  closer  observatioQ  of  the  condi- 
tions of  formation  of  the  cloud  without  assumptions  of  any  kind  about  its 
possible  water  content.  For  example,  we  noted,  during  several  montha  of 
constant  observation,  that  the  visible  cloud  does  not  rise  directly  ttoa^  the 
surface  of  the  liquid  lava,  but  rather  from  cracks  in  the  inclosing  banks,* 
shattered,  as  they  always  are,  by  alternations  of  heat  and  cold  as  the  liquid 
lava  rifles  and  falls  in  the  basin.  When  the  lava  is  high  enough  to  com- 
pletely fiood  the  floor  of  the  basin,  these  cracks  are  closed  and  all  the  gases 
emitted  emerge  directly  from  the  surface  of  the  lava  into  the  atmosphere 
and  have  the  temperature  appropriate  to  the  surface  of  the  liquid  (1,000 
to  1,200''  centigrade) .  At  this  temperature  the  gases  (sulphur  and  hydro- 
gen, for  example)  bum  promptly  on  contact  with  the  oxygen  of  the  air 
and  remain  nearly  or  quite  invisible.  A  thin  blue  haze  can  sometimes  be 
distinguished  above  a  bursting  bubble'  when  conditions  are  exceptionally 
favorable,  but  this  haze  is  so  thin  that  spectators  watching  for  it  from 
the  rim  will  generally  disagree  about  its  existence. 

This  is  the  condition  of  no  cloud  (plate  17)  described  by  Green,  and 

•  cr.  plates  22,  2S.  24,  and  2T. 

ObierratloDa  conflriDatory  of  (be  conclosloD  tbat  the  smoke  elonil  when  prmeot  does 
Dot  rlie  from  the  Uqatd  Uy>,  but  from  the  shattered  floor  and  talus  surronndlni  tiM 
bastn.  hayc  been  recorded  b;  other  writers. 

For  example,  Prof.  W.  T.  Brlgham,  Director  of  the  Bishop  Moaeuni.  Hopolulu,  who 
for  nttj  rears  has  been  one  of  the  most  csrefuL  obserrers  of  volcanic  phenomena  In  the 
Island  of  Hawaii,  writes  as  follows  ("Volcanoes  of  Ellauea  and  Uauaa  Los  on  the 
Island  of  Hawaii,"  HoddIuIu.  1909)  : 

Pan  28  :  ".  .  .  It  Bboald  be  noticed  how  email  the  Buppl;  of  stesm  In  the  active 
outpour  of  Kllauea  really  U." 

Page  28 :  "When  the  pit  Is  empty  of  molten  lava,  the  smoke  Is  often  most  abundant." 

Legend  to  plate  4(1 :  "l«va  pool  below  tbe  rim  of  Halemaomau.  .  .  .  Ltttle  vapor 
rises  (ram  tbe  portion  wblcb  Is  active." 

Legend  to  plate  SO :  "Tbere  Is  little  escape  of  steam  from  the  lake  sartace." 

William  Lowthlsn  Green  ("Vestiges  of  the  Molten  Globe."  vol.  II)  writes  (p.  ITO)  : 
"Bmoke,  vapors,  and  gases  seem  to  arise  from  tbe  orlflces  o(  eruption  and  orlHcea  In  tbe 
nelgbborhood  of  molten  lavas  on  Hawaii,  and  not  from  the  lava*  themselves." 

•  Cf.  Prank  A.  Perret :  "Tbe  Circulatory  System  In  tbe  Halemaamaa  Lava  Lake  daring 
tbs  Sommer  tit  1811."    An.  Jour.  Set.  <4),  vol.  SB,  1918,  p.  S41. 
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does  not  in  the  least  suggest  either  a  change  in  the  compositioii  or  i 
diminution  in  the  total  quantity  of  the  gaeea  given  off  by  the  volcano. 

When  the  lava  level  in  the  lake  has  fallen  10  or  20  feet  (which  is  ao 
almost  daily  occurrence  and  often  takes  place  within  an  hour),  only  part 
of  the  gases  set  free  come  from  the  free  surface  of  the  lava,  and  cousider- 
able  quantities  now  appear  through  the  shattered  floor  surrounding  the 
basin.  The  gases  bubbling  out  from  tiie  lava  basin  remain  as  transparent 
as  before  and  for  the  same  reasons,  but  the  gases  appearing  from  the 
cracks  in  the  floor  and  from  the  surrounding  talus  are  now  cooled  in  pasi- 
^g  through  the  cracks  to  such  an  extent  that  they  no  longer  bum  on 
reaching  the  oxygen  of  the  air.  Free  sulphur  is  then  set  free  in  consider- 
able quantities,  unburned;  this  we  were  able  to  collect  without  trouble, 
both  at  the  point  of  emergence  and  on  the  crater  rim.  It  is  this  finely 
divided  free  sulphur  which  is  mainly  responsible  for  the  beautiful  while 
cloud  (plate  18)  above  the  crater  and  not  crystalline  chlorides,  as  sup- 
posed by  Brun.  In  fact  only  a  minute  quantity  of  chlorine  or  its  salts 
(lees  than  0.02  per  cent)  could  be  found  in  the  emanations  from  the 
Kilauea  basin  during  the  period  of  our  visit. 

Our  observation  of  the  appearance  and  behavior  of  this  cloud  is  there- 
fore in  full  accord  witli  the  observations  of  both  Green  and  Brun,  so  far 
as  recorded,  but  there  i»<  nothing  in  the  facts  thus  established  to  shov 
whether  the  sulphur  is  actonipanied  by  water  vapor  or  not. 

Herein  is  also  to  be  found  a  sufficient  explanation  of  Bum's  observa- 
tions— (1),  (2),  and  (3),  page  576 — that  the  cloud  when  preseDt  dots 
not  evaporate  after  leaving  tlie  crater,  that  it  givoa  no  optical  phenomena 
in  sunlight,  and  tliat  it  is  ininiwliately  visible  as  it  emerges  from  the  floor 
cracks  and  talus  without  a  transparent  zone  separating  tlie  point  of  emer- 
gence from  the  visible  cloud — results  wliit-li  would  be  expected  if  the 
cloud  consisted  only  of  steam,  hut  not  if  ll  contains  much  sulphur. 

Bkdn'8  hyqhometric  Observations 

The  remainder  of  Bmn's  observations  nf  the  apparent  absence  of  water 
vapor  may  And  appropriate  explanation  in  the  fact  that  they  were  made 
in  an  unsaturated  atmosphere  (as  shown  by  his  elaborate  records  of  the 
hygroscopic  state  of  the  air  during  his  obsenations)  at  a  distance  erf  more 
than  S50  feet  from  the  point  of  emergence  of  the  gases,  and  the  further 
fact  that  the  cloud  not  only  carries  aulphur,  but  two  of  its  oxidation 
products,  S0(  and  SOa,  both  of  which  in  these  circumstances  are  effective 
drying  agents.  It  may  very  well  happen  that  water  is  given  off  in  con- 
sidereble  amount  by  the  volcano  and  yet  remains  invisible ;  for,  in  sddi- 
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tion  to  the  portion  disappearing  as  vapor  in  the  unBatorated  atmosphere,* 
a  considerable  additional  quantity  will  condense  about  the  finely  divided 
sulphur  particles,  serving  as  nuclei  of  condensation. 

Furthermore,  in  our  opinion,  Brun's  explanation  of  what  he  deemed 
to  be  crystals  of  hydrated  salts  in  hie  vacuum  tubes  and  in  the  pipe  line 
through  which  his  gases  were  pumped  is  a  somewhat  fortuitous  one,  and 
certainly  leavee  an  element  of  reasonable  doubt  whether  their  presence 
was  entirely  due  to  moisture  carried  by  the  tubes  thmselves.  The  very 
care  exercised  by  Brun  would  seem  to  make  this  unlikely  except  for  the 
fact  that  it  was  offered  by  Bnin  himself.  If  it  could  be  shown  that  these 
hydrous  salts  were  regular  inhabitants  of  the  sulphur  cloud,  the  compara- 
tive diynefis  of  the  cloud  would  also  find  ready  explanation. 

Brun's  final  contention  (section  6,  p.  577)  that  a  dew-point  hygrometer 
carried  along  the  rim  of  the  crater  shows  a  lower  humidity  within  the 
cloud  than  in  the  clear  air  immediately  outside  of  it  appears  to  be  open 
to  serious  criticism  from  the  physical  side,  although  if  one  may  judge  by 
the  space  given  to  these  observations  in  "L'Ezhalaison  Volcanique,"  this 
is  the  point  which  Brun  himself  regarded  as  the  most  convincing  observa- 
tion of  all.'  It  appears  to  be  a -matter  of  grave  doubt  whether  the  read- 
ings of  a  dew-point  hygrometer  in  an  atmosphere  containing  SO^  and 
SO,  have  any  significance  whatsoever,  in  view  of  the  well  known  affinity 
of  these  compounds  for  water.  The  cloud  could  hardly  be  charged  with 
better  drying  agents  than  these  under  the  conditions  described ;  it  might, 
therefore,  a  priori,  be  expected  to  contain  less  free  moisture  than  the 
adjacent  atmosphere  which  does  not  contain  these  drying  agents.  Fur- 
thermore, the  effect  on  the  dew-point  apparatus  itself  of  exposure  to  the 
cloud  containing  SO,  and  SO,  may  be  a  factor  of  considerable  signifi- 
cance. The  first  reading  of  the  instrument  might  well  be  approximately 
correct,  but  subsequent  readings  would  surely  all  be  subject  to  the  effect 
of  uncertain  amounts  of  SO,  and  SO,  carried  by  the  instrument  in  con- 
sequence of  the  first  exposure.  This  would  have  the  effect  of  rendering 
all  the  subsequent  readings  of  the  series  quite  valueless  as  a  measure  of 
the  water  content  either  of  the  air  or  of  the  cloud. 

In  order  to  support  the  view  that  the  atmosphere  within  the  cloud  con- 
taining SO,  and  SO,  is  necessarily  drier  than  air  which  does  not  contain 
these  substance?,  several  meaaureraents  of  dew-points  were  made  by  us  in 
an  appropriate  laboratory  apparatus,  of  which  the  results  will  be  found 

■  Prof.  J.  p.  IddlDg*,  Prof.  H.  n.  GlbbH.  of  the  T'ntT»ni(r  of  HinUa.  aod  wv*ra]  cbtm- 
l*ti  from  the  Pblllpplne  Biircdii  of  Science  havp  olixprvnl  Eanmiia  emanatloDS  rIslDS  In 
■mt  TOlunifi  urar  the  rolcano  TsiJ,  n-blch  wrtr  found  to  conlaiD  larga  quantitlea  of 
water  and  7et  giTc  no  trace  of  b  cloud.  (Unpubllibed  records  of  the  Buraau  of  Bdenca 
Nulla,  P.  L) 
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in  the  table  below.  The  first  column  contains  the  dew-point  of  air  at 
Tarjing  degrees  of  saturation;  the  second  column  the  dew-point  of  the 
same  air  to  which  1  per  cent  of  SO,  (air  -j-  1  per  cent  SO,  is  still  respir- 
ablfl)  has  beoi  added.    All  observations  are  in  duplicate. 

ObgervatiOM  of  Dew-poinU 

DlKanoce 


raodoD)  w»t«r         The  auoe  «lr  + 

nnMot                     1  per  crat  BO. 

1.2'                            6.4" 

7.0                              B.8 

19.8 
19.4 

18.1 
18.4 

20.4 
20.2 

17.5 
1S.5 

21.6 
21.1 

19.7 

19.4 

21.6 
21.5 

19.0 
20.4 

Dew-point  observations  in  the  nature  of  the  case  can  make'  no  preten- 
sions to  high  accuracy,  but  the  effect  of  charging  the  air  with  a  very  small 
quantity  of  SO,  is  shown  most  convincingly.  The  effect  of  the  addition 
of  SO,  would  have  been  still  greater  than  that  of  SO^,  since  it  fonna 
HjSOf,  a  notable  dehydrating  agent;  but  this  effect  is  somewhat  more 
difficult  to  examine  cspeFimeutally  and  so  was  not  undertaken;  indeed,  it 
was  unnecessary,  in  view  of  the  fact  tiiat  the  point  at  issue  is  abundantly 
proved  by  the  observations  contained  in  the  table  above.  Brun  has  there- 
fore proved  no  more  with  his  hygrometer  measurements  than  that  the 
great  white  cloud  does  not  consist  entirely  of  water  vapor,  but  it  is  not 
possible  to  estimate  the  percentage  of  water  contained  in  it  from  any 
figures  based  on  dew-point  determinations  under  the  conditions  which  he 
describes. 

From  this  evidence  it  appears  clear  that  the  observations  of  fact  noted 
by  both  Ore^n  and  Brun  may  for  the  most  part  be  precisely  as  described, 
and  Btill  the  conclusion  that  water  is  not  exhaled  by  the  volcano  Kilauea 
remain  in  doubt.^ 


■  The  chamlcal  and  phjBlcsl  test*  offered  by  Brun  In  aupiMrt  af  hl«  c 
and  (01.  pages  STB  and  STT,  are  also  somewbaC  IncoDclualve.  For  example,  he  teaU  far 
vhlorlD?  with  a  allrer  Dttrate  solution  In  an  almosphere  conlBlnIng  8.  80|.  and  SO^  and 
notea  that  It  Immediately  brcomea  clouded,  bnt  m«ntloni  no  teat  to  ascertain  whether  It 
waa  the  chloride  or  the  sulphite  which  was  thus  precipitated.  Similarly,  he  nowhere 
olfen  a  chemical  analyBla  of  theae  particular  gaaea  nhlch  he  collected  In  tnbva  at 
Sllauea.  but  contents  bimielt  with  preaenting  two  analyaes  of  other  gaaea  pumped  from 
lara  fngmmta  reheated  In  I'oi^o  aome  months  afterward. 
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An  Attempt  to  collect  the  Volcano  Gases  befobs  thet  reachbd 

THE  AlB 

Be  that  as  it  may,  in  our  effort  to  obtaio  samplee  of  the  gaseouB  emana- 
tiona  from  Eilauea  for  further  study  in  this  laboratory,  it  vaa  a  matter 
of  very  great  importance  to  ug  to  endeavor  to  establish  the  facta  in  the 
vase  without  the  aid  of  inferences  of  the  character  above  outlined.  We 
therefore  entered  on  a  long  study  of  the  habit  of  the  volcano,  with  the 
purpose  of  going  down  on  the  floor  of  the  crater  directly  adjacent  to  the 
liqaid  lava,  there  to  collect  gaees  before  they  had  come  in  contact  with 
tlu  air  at  all.  In  the  interval  between  May  1,  191S,  and  January  1  fol- 
lowing but  two  favorable  opportunities  for  euch  an  undertaking  occurred, 
of  both  of  which  we  endeavored  to  take  advantage.  On  the  lint  occasion 
(May  28,  191S)  a  column  of  liquid  lava  had  worked  Its  way  up  through 
the  shattered  floor  adjacent  to  the  large  active  basin  and  formed  an  active 
lava  fountain  there  several  feet  in  diameter.  Through  its  own  spattering 
this  fountain  quickly  built  for  itself  an  inclosing  wall  or  dike.  When  this 
dike  had  grown  to  a  completely  inclosing  dome  (plate  19),  the  gases 
discharged  by  the  fountain  were  free  to  escape  only  through  narrow  slits 
in  the  dome,  and  there  they  could  be  seen  at  night  burning  fitfully,  with 
a  pale  blue  sheet  of  flame,  thereby  demonstrating  (1)  an  excess  pressure 
within,  and  in  consequence  (S)  that  the  gases  released  from  the  liquid 
lava  first  came  in  contact  with  the  air  on  emerging  from  these  cracks  in 
the  dome. 

We  accordingly  made  the  somewhat  difficult  descent  into  the  crater 
without  mishap,  and  two  crates,  each  containing  10  glass  tnbes  of  one- 
half  liter  capacity  each,  arranged  in  a  continuous  series,  were  then  lowered 
down  to  us.  To  one  end  of  this  series  of  tubes  a  gloss  pipe-line  was 
attached,  which  led  directly  into  one  of  the  cracks  of  the  dome  (see 
plate  20)  through  which  the  gas  was  escaping.  The  last  link  of  the  pipe- 
line consisted  of  an  iron  tube  extending  into  the  dome  about  12  inches. 
This  iron  pipe  was  also  lined  with  glass  up  to  the  very  mouth  of  the  crack, 
)*o  that,  except  for  the  12  inches  of  iron  pipe  within  the  dome,  the  gases 
came  in  contact  with  no  substance  other  than  cold  glass  and  a  few  pure 
rubber  connectors,  which  were  made  as  short  as  possible  by  abutting  the 
ends  of  the  adjacent  tube  sections.  Inasmuch  as  the  liquid  lava  contains 
nearly  10  per  cent  of  FeO,  the  momentary  contact  of  the  gases  with  the 
oxidized  surface  of  the  iron  was  not  accounted  a  serious  disturbing  factor. 

The  other  end  of  the  tube  system  was  connected  to  a  piston  pump  about 
4  inches  in  diameter,  with  a  displacement  of  about  Z^  liters  per  stroke 
to  insure  a  rapid  passage  of  the  gases  through  tlie  tube  system. 
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The  gasea  entered  the  pipe-line  at  a  temperature  of  about  1,000°. 
Their  path  waa  through  the  12  inches  of  iron  pipe,  about  20  feet  of  glass 
tubing  (pure  rubber  jointa  at  4-foot  intervals),  then  through  20  collect- 
ing tubes  and  out  through  the  pump  at  the  bock.  The  pumping  was 
kept  up  for  15  minutes  in  order  to  make  sure  that  the  air  originalljr  con- 
tained in  ttie  pipe-line  and  connecting  tubes  waa  diaplaced  by  the  gases 
from  the  Vblcano,  after  which  the  pump  and  pipe-line  were  sealed  off 
ivith  pinch-cockB  and  the  crates  raised  to  the  rim.  In  this  pipe-line  water 
began  condensing  with  the  firat  stroke  of  the  pump,  and  at  the  end  of  16 
minutes  about  300  cubic  centimetere  had  accumulated  in  the  'cdlectiug 
tubes.  It  was  clouded  with  free  sulphur,  partly  from  the  original  emaos- 
tion  and  partly  from  the  action  of  the  iron  tube  on  the  sulphur  dioiiiie 
contained  in  the  emanation. 

In  arranging  this  experiment  Brun's  conclusions  were  known  to  us, 
and  accordingly  we  had  provided  ourselves  with  apparatus  for  collecting 
fixed  gases  only.  We  were  wholly  unprepared  for  any  which  might  con- 
dense in  passing  through  the  collecting  tubes.  What  we  obtained,  there- 
fore, was  a  quantity  of  the  fixed  gases,  which  may  be  assumed  to  be  ap- 
proximately in  the  proper  quantitative  relation  one  to  another,  and  wsler, 
the  latter  in  considerable  excess  from  the  fact  that  it  was  not  pnmped 
through  the  tubes  with  the  fixed  gases,  but  condensed  and  remained  be- 
hind, chiefly  in  the  first  three  or  four  tubes.  There  is,  therefore,  no  wav 
to  estimate  from  the  results  of  this  experiment  the  proportion  of  water 
to  the  total  quantity  of  volatile  matter  discharged  from  the  iava.  Perhaps 
this  should  be  regarded  as  a  fortunate  mischance  notwithstanding,  for  ve 
were  thereby  enabled  to  gather  a  quantity  of  water  sufficient  to  establish 
its  existence  among  the  volatile  ingredients  exhaled  by  the  rolcaao  be- 
yond the  criticism  of  the  most  skeptical.  Furthermore,  the  condensing 
water  by  its  accumulation  in  the  first  tubes  served  as  a  kind  of  wssh- 
bottle  for  the  collection  of  any  soluble  material  contained  in  the  gaseous 
emanation. 

The  next  day  we  began  preparations  to  meet  the  emergency  thus  thniet 
on  us  by  building  in  the  laboratory  of  the  Hawaiian  Volcano  Research 
Aasociation'  an  extemporized  mercury  pump  of  the  displacement  t\-pe 
and  vacuum  tubes  especially  arranged  to  meet  the  conditions  which  we 


*Tbe  KaK-all&D  Volcano  ReKarch  Asaoctstlon  la  arganlied  under  the  g^nml  iiipri' 
vision  Dl  llie  Blihop  MuNeuin  of  Ilonatiilu,  and  Ih  In  churj^  of  Prof.  T.  A,  Jnggir,  at  li' 
MuMcbiiHeltB  Initltute  ot  TeehnDlog]'.  to  n-hotn  our  most  cordial  thaaka  are  otCrred  for 
maor  coiirteiilee  exUndrd  to  u>  tbrousbout  our  work  al  Kllaoea.  Ur.  F.  B.  Dodf.  >i> 
nKHlstsnl  Id  the  aiaoclHllon  IsboratDr.T.  accom|iaDlfd  iia  In  tbe  drat  deacent  Into  Ih 
crater,  and  Dr.  H.  O.  Wood,  who  la  in  cbarice  ol  the  aplanioloitic  work  of  the  italloD.  m 
the  aecoDd,  both  renderlDE  laraluable  aaalatance  Id  carrylns  out  this  dUBenlt  and  loiiu- 
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had  found.  These  tubeB  were  of  the  aamb  capacity  as  the  individual 
tubes  in  the  previous  experiment  (one-half  liter),  but  were  provided  with 
a  long  Btem,  on  the  remote  end  of  which  was  blown  a  thin  glass  bulb. 
The  plan  was  to  attach  these  tubes  to  a  pole  of  convenient  length  and  to 
thrust  the  end  carrying  the  thin  bulb  into  the  dome,  where  the  beat  might 
I)c  expected  to  explode  the  thin  glass  immediately,  permitting  the  tube  to 
lill  with  the  gases,  and  as  quickly  to  seal  it  again  by  melting  down  the 
broken  end.  The  tubes  were  dried  in  contact  with  phosphorus  anhydride 
and  the  degree  of  exhaustion  checked  by  electrical  discharge  tests  from  a 
^mall  static  machine.  When  a  Climber  of  these  tubes  had  been  prepared 
and  everything  was  ready  for  a  second  attempt,  the  .top  of  the  lava  dome 
had  fallen  in,  and  the  liquid  lava  in  the  basin  had  gone  down  to  such  an 
extent  that  it  offered  no  further  opportunity  to  collect  gases  under  condi- 
tions which  should  assure  original  gas  without  contamination  from  the 
air  or  otherwise.    In  fact  no  other  opportunity  offered  until  December  4.' 

Ths  second  Attempt  to  collect  Qases 

On  December  4,  with  the  lava  surface  360  feet  below  the  rim,  and 
therefore  even  less  conveniently  accessible  than  on  the  previous  occasion, 
a  similar  dome  formed  directly  on  the  border  of  the  lava  lake,  and  the 
second  attempt  was  made  to  collect  a  quantity  of  gas — this  time  in  the 
vacuum  tubee.  In  order  that  there  might  be  no  possible  doubt  about  the 
excess  gas  pressure  within  the  lava  dome,  the  descent  into  the  crater  was 
made  at  night,  when  the  pale  blue  flame  of  the  escaping  gases  could  be 
plainly  seen  emerging  from  the  crack  in  the  dome.  The  manner  of  col- 
lecting the  gases  was  exactly  that  which  was  planned  and  described  above, 
and  six  tubes  were  filled  with  gas  under  these  conditions. 

On  descending  into  the  crater  to  collect  gases  from  the  December  dome, 
it  was  found  that  in  addition  to  a  long  slit  or  crack  across  the  top,  from 
which  the  gases  were  discliarging  constantly,  there  was  a  second  opening 
near  the  base  which  was  not  noticed  before  the  descent,  but  which  gave 
access  to  air  at  the  base  of  the  dome  and  thus  behaved  like  an  air  blast  in 
a  furnace.  The  gases  were  therefore  partly  burned  within  the  dome  in- 
stead of  outside,  and  the  tubes,  which  were  fllled  at  the  upper  opening, 
were  accordingly  found  to  coiitain  chiefly  burned  gases — that  is,  the  free 
hydrogen  had  become  water,  the  free  sulphur  had  burned  to  SOj,  the  CO 
appeared  as  CO,,  etcetera.  • 
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Although  the  ideotity  and  something  of  the  relation  of  the  gaaes  dis- 
charged from  the  basin  of  Halemaumau  can  be  established  from  a  stadj 
of  the  material  collected  in  Usy,  the  determination  of  the  exact  propoi^ 
tion  of  water  to  the  other  gaaes  present  must  await  anotiier  favorable 
opportunity.  It  may  perhaps  be  added  that  a  complete  equipment  for 
another  attempt  lies  ready  at  the  laboratory  of  the  Volcano  Besearch 
Association  on  the  crater  rim,  but  the  lava  lake  disappeared  completely 
from  vi^  soon  after  the  December  descent  was  made  and  has  not  again 
reappeared. 

Although  the  continuation  of  the  field  stadles  must  await  the  gracious 
pleasure  of  the  most  fickle  of  goddesses,  it  need  not  delay  the  proeecutifHi 
of  the  laboratory  study  of  the  relations  between  the  gasee  already  found 
or  the  preliminary  discusaion  of  the  results  thus  far  attained.  Moreover, 
in  the  discussion  which  follows  evidence  will  be  offered  that  the  omiposi- 
tion  of  the  gases  varies  within  considerable  limits,  so  that  the  precise  pro- 
portions of  the  gases  which  go  to  make  up  the  exhalation  at  any  particular 
moment  may  prove  to  be  of  less  importance  than  was  at  first  believed. 

Cheuical  Study  of  the  Material  oollectex* 

Prom  a  physico-chemical  viewpoint,  the  study  of  volcanic  activity  cen- 
ters first  on  the  nature  of  the  participating  ingredients,  then  on  the  con- 
dition of  equilibrium  or  the  progress  of  the  reactions  taking  place  between 
them,  SB  the  case  may  be.  At  the  time  of  our  two  visits  all  the  three 
states  of  matter — gaseous,  liquid,  and  solid — were  found  represented. 
Gases  were  emitted  constantly  in  great  volume,  and  displayed  nearly  bU 
the  great  variety  of  cloud  forms  which  have  been  so  frequently  described 
in  volcano  literature  except  the  violently  explosive  type,  which  has  been 
rarely  or  never  seen  at  Kilauea  since  the  advent  of  the  white  man  (IBSO). 
There  was  a  liquid  lava  basin  of  oval  shape  some  600  by  300  feet,  incloeed 
by  a  lava  dike  or  rampart  built  up  from  the  surrounding  floor  of  the 
basin  by  the  tumultuous  spattering  and  splashing  of  the  lava  lake  (plate 
21).  Both  floor  and  rampart  are  frequently  overflowed  when  the  lake  is 
high,  and  again  great  masses  of  it  fall  into  the  lake  and  are  rediseolved 
when  it  is  low.  The  floor  of  the  pit  at  the  time  of  our  first  descent  in 
May,  1912,  had  been  completely  overflowed  but  three  days  before  and  was 
reasonably  level.  The  fresh  lava  had  solidified  to  a  depth  of  some  10 
inches  and  was  abundantly  solid  to  walk  on,  but  was  still  uncomfortably 
hot  and  the  cracks  were  still  glowing. 

Surrounding  this  floor  are  the  walls  of  the  pit,  some  SOO  feet  high  st 
the  time  of  our  first  descent  and  made  up  of  the  exposed  edges  of  me- 
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ce§Bive  earlier  overflows  (plate  32),  which  individually  rarely  exceeded 
2  or  3  feet  in  thickness.  The  (Halemanmau)  pit  as  a  whole  was  about 
1,500  feet  in  diameter,  roughly  circular  in  plan,  and  with  nearly  perpen- 
dicular walls  except  for  the  telus  pile  at  the  base,  which  extended  about 
half  way  up  the  wall.  All  these  dimensionB  vary  somewhat  from  day  to 
day  and  considerably  from  year  to  year  with  the  state  of  activity  in  the 
boein.  The  appearance  of  the  lake  and  its  surroundings  is  perhaps  best 
shown  by  a  photograph  (plate  23)  made  from  a  alight  elevation  above 
the  floor  of  the  active  basin  on  May  23, 1912. 

Analyses  op  the  Lava 

The  composition  of  the  liquid  lava  in  the  lake  and  of  the  solid  floor 
of  the  Kilauea  crater  near  the  Halemaumau  pit  may  be  seen  from  analy- 
ses 1-a  and  1-6  which  follow.  The  sample  1-&  was  dipped  from  the 
middle  of  the  lava  lake  on  July  S3,  1911,  by  Mr.  Prank  A.  Perret  and 
one  of  the  authors  (Shepherd)"  with  the  help  of  a  cable  and  trolley, 
stretehed  directly  across  the  center  of  the  pit,  and  appropriate  tackle. 
The  sample  1-a  was  taken  from  one  of  the  recent  overflows  on  the  main 
floor  of  the  Kilauea  crater  and  may  perhaps  be  fifteen  or  twenty  years  old. 
The  Bubstential  identity  of  the  analyses  with  each  other  and  with  other 
recent  analyses  of  the  lavas  of  Hawaii"  shows  that  no  material  change  in 
ite  composition  baa  taken  place  in  recent  years.  The  most  noticeable  fea- 
ture of  the  new  analyses  is  perhaps  the  presence  of  a  small  amount  of 
molybdenum,  which  appears  not  to  have  been  detected  hitherto.  The 
analyses  were  most  carefully  made  hy  Mr.  John  B.  Ferguson  of  this 
laboratory,  to  whom  we  take  this  opportunity  to  express  our  thanks. 

>*TblB  eipedltloD  wu  wnt  out  by  tlie  HMUcbuaetts  Inatltute  dk  Teebnalosr   (Prof. 
T.  A.  Jaigar)  In  the  sumnier  o(  191]  for  the  purpose  of  securing  a  truatwoi 
ment  of  the  temperature  In  tbe  taTB  lake.     The  record  of  the  expedition  hai  not 
pnbllabed. 

u  R.  A.  Dair :  Haimatlc  differentiation  In  Hawaii.    Joamal  of  Geology,  vol.  IS.  1 
p.  SOS. 

W.  T.  Brlgham :  Loe.  ctt.,  p.  38. 


Digitized  bvCoOJ^Ic 


DAY  AND  SHBPHEBD— WATER   AND  VOLCANIC   ACTIVITY 


AnalyaU  J-a 

Lara  rrom  floor  of  Kllauea :  40  to 
no  per  cwit  gluBi  6  to  lO  per  ceut 
oltTlne;  D  to  10  per  cent  feld^ar 
t)lieuo<.TyBt :  rest  veiy  flae  crystals. 
(Menvlu.) 

WO, m.w 

MJJ,  18.32 

Vefi, 1.92 

FeO  9.28 

MgO  8.01 

CaO w:..  10.«4 

Kofi  .'. 2.16 

K,0 0.45 

H,0+ 0.49 

0.22 

2.70 

0.26 


H,0- 
CO,  , 


Analjnit  i-4 

I.ava  di|>ped  from  Halemaumau 
July  23,  1911.  Olaas  with  1  per  cent 
feldspar  and  trace  of  cryatalB  of  eltber 
magnetite  or  [)yroxeos.'  Index  1.6(£, 
lining  of  bubbles  slightly  talgber. 
(Merwlii.) 

8iO, 48.74 

Al^, 12.30 

Fe,0, l.W 

FeO 10.08 

MgO  8.83 

CaO 10.88 

Na,0 2.4r. 

K,0 XKXt 

H,0+   0.17 

H,0—  ..' 0.05 

CO, none 

TIO, 2.4» 

ZrO,  trace 

P/>. 


F i none  ■ 

8 O.U 

tT,0,  0.05 

iInO 0.16 

NiO '  o:o4 

BaO none 

SrO -  trace 

U,0 none 

V,0, „ none 

Rare  eartba none 

MoO,  trace 

IgattloQ  Iqbb ■. 0.36 


Cr.O, 

MnO 

MO  

BaO 

SK)  

LliO  

v,o. 

Rare  earths.. 
MoO, 


0.41 

,  0.10 

,  noDe 

,  0.(M 

.  O.Oi 

.  0.14 

.  O.OS 

.  0.07 

.  0.02 


After  correction  for  CI,  etc. 9&.89      After  correction  for  CI,  etc 100.08 

The  Gases  and  different  Wats  of  8todying  them 

The  problem  of  collecting  volcanic  gases  which  are  Eatisfactory  from 
the  chemical  viewpoint  is  a  much  more  difficult  matter,  as  has  been  al- 
ready intimated.  Hot  gases  of  more  or  less  complicated  compoBition  dis- 
charged from  an  active  volcanic  vent  into  the  air  undergo  immediate  and 
violent  chemical  and  temperature  changes,  the  conBeqnences  of  which, 
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vith  our  present  limited  knowledge  of  gu  relations  at  these  temparfttoresi 
can  be  only  partly  inferred.  It  is,  therefore,  a  matter  of  the  first  im- 
portance to  collect  the  gases  directly  from  the  liquid  lava  or  the  explosive 
vents  before  contact  with  the  air  has  given  opportunity  for  these  oltera- 
tione  to  occur.  It  may  very  well  be  that  the  physical  difficulties  attending 
the  collection  of  volcanic  exhalations,  particularly  from  voicanoes  of  the 
explosive  type,  will  often  make  it  impossible  to  obtain  unaltered  mag- 
matic  gases  for  laboratory  study,  in  which  case  burned  gases,  or  even 
very  dilute  mixtures  of  these  with  air,  may  prove  to  be  the  only  products 
available  for  study.  In  this  event  the  student  must  perforce  bow  to  the 
necessities  of  the  case. 

Something  of  the  same  cautious  attitude  requires  to  be  maintained 
toward  the  study  of  the  flame  spectra  of  burning  volcanic  gases.  The 
pocket  spectroscope  is  primarily  an  instrument  of  preliminary  reconnais- 
sance in  the  field  and  is  sometimes  of  value,  but  the  pale  blue  flames  of 
sulphur  and  hydrogen  are  extremely  diflficult  to  analyze  with  the  pocket 
spectroscope,  and  can  not  be  distinguished  at  all  against  a  bright  back- 
ground of  solid  or  liquid  lava.  For  this  reason  a  more  elaborate  spectro- 
scopic equipment  would  not  hdp  the  matter.  Moreover,  the  gases  ore 
much  altered  or  are  in  process  of  active  alteration  before  any  opportunity 
for  identification  is  ofFered,  and  no  estimate  of  the  relative  quantity  of 
the  various  participating  gases  is  possible  by  this  means.  Inferences  from 
Ihe  chemical  study  of  gases  which  have  been  burned  by  contact  with  the 
air  while  still  hot,  and  inferences  from  the  spectroscopic  study  of  the 
gases  while  burning,  therefore  suffer  alike  from  limitations  of  principle 
and  should  be  resorted  to  only  when  the  difficulty  of  collecting  unaltered 
gas  is  insuperable. 

These  reasons  may  serve  to  show  why  this  somewhat  elaborate  effort 
was  made  to  collect  unaltered  gases  for  laboratory  study  and  why  we  are 
inclined  to  give  greater  weight  to  the  results  obtained  from  the  study  of 
such  gases  than  to  many  of  the  earlier  studies^'  of  volcanic  emanations, 
in  which  the  gases  had  become  altered  through  contact  with  the  air  or 
otherwise. 

The  domes  from  which  these  gases  were  collected  were  built  up  by  the 
lava  itself  on  the  floor  of  the  crater  (Halemaumau)  and  were  both  chemi- 
cally and  physically  ideal  gas  collectors,  being  lined  with  fresh  splashes 
of  liquid  lava  of  the  same  temperature  and  chemical  composition  as  that 
from  which  the  gas  had  just  emerged.  They  formed  at  the  level  of  the 
lava  lake  and,  as  could  be  plainly  seen  after  the  collapse  of  the  domes, 

"t.  w^  Wm.  Libber:  Am.  Jour.  Sci.  (S),  toI.  47,  18M,  p.  3T1. 
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were  directly  coonected  with  the  lake  by  channela  of  liquid  lava  just  below 
the  surface  crust.  The  collapse  of  the  entire  channel  leading  t«  the  May 
dome  is  shown  in  plate  H,  figure  1,  in  which  an  arrow  (f )  bas  been 
placed  to  indicate  the  position  where  the  dome  stood.  The  May  dome 
was  under  constant  observation  for  several  days  and  a  considerable  por- 
tion of  the  night  immediately  previous  to  the  collection,  during  which 
time  there  was  no  cessation  of  tbe  lava  fountain  spouting  within  the  dome 
nor  of  the  flames  of  the  burning  gases  as  they  escaped  through  its  cracks. 
Furthermore,  as  the  larger  bubbles  rose  and  burst  from  the  liquid  lava 
within  the  dome,  the  jar  could  be  felt  on  the  floor  where  the  coUecton 
stood  and  the  splash  conM  be  plainly  seen  through  the  cracks. 

Analtseb  op  the  Qaseb  collected  tn  Mat,  1912 

The  following  analyses  were  made  of  the  fixed  gases  collected  in  glass 
tubes  on  May  S8,  191S,  in  the  manner  above  described.  The  statement 
is  given  in  parts  by  volume.  The  tubes  were  numbered  from  1  to  30  in 
the  order  in  which  the  gases  entered  from  the  volcano.  All  the  tulw» 
contained  condensed  water  (the  first — plate  24,  figure  2 — containing 
nearly  100  cubic  centimeters),  of  which  analyses  will  be  found  on  page 
692. 

Tabuc  2 

The  Qatet  from  Salemaumau  {Kilaaea),  May,  19lt 
Perc^itOKefl  by  volmne 


10.2 
11.8 
iKHie 
none 


The  Influence  op  the  Iron  collbotino  Tttbe 

In  the  IS  minutes  during  which  pumping  was  continued  the  short 
length  of  iron  pipe  which  extended  into  the  dome  was  partly  destroyed 
by  the  joint  action  of  the  sulphur  and  SO,.  Owing  to  the  high  tempera- 
ture and  the  splashing  of  the  molten  lava,  neither  glass  nor  porcelain 
would  have  withstood  the  ordeal,  and  a  tube  of  silica  glass  was,  unfortu- 
nately, not  available ;  so  that  iron  appeared  to  be  the  best  material  at  band 
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through  which  to  reach  the  interior  of  the  dome  and  to  influre  the  capture 
of  the  gases  at  the  temperature  of  emergence  from  the  lava  (about 
1,000°)  before  any  opportunity  for  cooling  or  contact  with  air  had  been 

The  effect  of  this  small  section  of  iron  pipe  on  ihe  relations  between 
the  gases  collected  in  the  tube  is  not  as  great  as  might  at  first  appear. 
The  action  of  SO,  on  iron  at  this  high  temperature  is  quite  vigorous,  the 
iron  going  over  to  ferrous  oxide  and  setting  free  the  sulphur.  But  both 
these  ingredients  are  present  in  the  lava  already,  as  may  be  seen  from  the 
analyses  (table  1))  so  that  no  new  component  is  added  nor  is  any  new 
reaction  precipitated  through  the  introduction  of  the  iron.  It  might  be 
assumed,  further,  that  the  free  hydrogen  present  would  be  partly  oxidized 
to  water  in  reducing  the  ferrous  oxide  formed  from  the  SO,  and  iron 
(this  is  one  of  the  reactions  when  these  components  are  brought  together 
at  this  temperature  in  the  laboratory),  but  if  this  reaction  has  had  a  share 
in  the  disposition  of  our  bit  of  exposed  iron  we  must  admit  its  presence 
in  overwhelming  magnitude  over  the  entire  inner  surface  of  the  dome, 
which  is  everywhere  lined  with  liquid  lava  containing  nearly  10  per  cent 
of  ferrous  oxide.  The  assumption  of  this  reaction  would,  therefore,  have 
the  immediate  effect  of  establishing  the  presence  of  water  in  quanti^ 
among  the  volcano  gases  and  at  the  same  time  relegate  the  influence  of 
the  iron  tube  to  a  position  of  entire  insignificance. 

There  is  still  further  evidence,  if  more  is  needed,  that  the  local  reac- 
tions set  up  by  the  iron  are  of  subordinate  importance  only  in  their  effect 
on  the  proportions  of  the  gases  collected,  and  of  no  effect  whatsoever  on 
their  identity  and  chemical  relation.  Supposing  these  reactions  to  have 
occurred  as  described,  it  is  then  a  matter  of  straightforward  computation 
to  show  that  if  the  known  weight  of  iron  which  was  dissolved  away  by 
the  gases,  both  those  which  entered  the  pipe  and  tbose  which  merely 
played  on  its  outside  wall,'*  had  reacted  in  this  manner ;  and  supposing, 
further,  that  all  the  products  of  the  reaction  both  outside  and  inside  en- 
tered the  collecting  tubes  (which  is  obviously  impossible),  it  would  have 
involved  pumping  through  the  system  some  235  liters  of  pure  hydrogen 
as  an  equivalent  for  the  iron  consumed,  and  this  still  falls  short  of  the 
quantity  required  to  account  tor  all  the  water  collected  by  more  than  40 
per  cent.  Moreover,  if  the  attempt  is  to  be  made  to  account  for  all  the 
water  collected  in  our  tubes  through  reactions  requiring  free  hydrogen,  it 
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IB  altogether  inconceivable  that  any  such  quantity  of  uncombined  hydro- 
^n  is  available  in  the  emanation  from  the  volcano.  For  if  we  were  to 
assume  that  as  much  as  1,000  liters  of  volcanic  gas  (which  is  a  very 
liberal  estimate)  passed  into  the  collecting  train  in  the  15  minutes  during 
which  the  pumping  was  continued,  such  a  quantity  of  free  hydrogen  (375 
liters)  would  be  equivalent  to  40  per  cent  of  the  total  composition,  a 
quantily  sufficient  to  form  an  explosive  mixture,  on  contact  with  air,  of 
such  extreme  violence  as  to  change  the  entire  character  of  the  volcanic 
activity  at  Halemaumau.  It  ia  a  fact  of  general  observation  that  the 
bubbles  of  gas  which  come  up  through  the  liquid  lava,  even  when  they 
reach  the  enormous  size  of  30  feet  in  diameter,  give  no  explosion  what- 
soever. 

We  may  therefore  fairly  conclude,  both  from  the  character  of  the  reac- 
tions in  which  the  iron  might  have  a  part  and  from  the  quantity  of  water 
collected,  that  the  presence  of  the  iron  tube  has  no  considerable  signifi- 
cance in  relation  either  to  the  character  or  to  the  amount  of  volatile 
material  collected. 

The  REAGTioif  between  H,  and  SO,  os  GO, 

To  this  reaction  assumed  to  be  going  on  between  H,  and  FeO  may  be 
added  another  and  much  more  important  one  in  which  the  iron  has  no 
part  The  free  hydrogen  set  free  by  the  volcano  reacts  with  solphar 
dioxide  at  1,000°  to  give  water  and  free  sulphur  directly.  It  will  also  be 
recalled  that  carbon  dioxide  and  hydrogen  undergo  similar  reaction  at 
thia  temperature.    This  is  the  familiar  water-gas  reaction 

H»  +  CO,  J^  CO  -I-  H,0 

which  has  been  thoroughly  studied  by  Haber"  and  others  throughout  the 
entire  range  of  temperatures  found  to  prevail  at  this  volcano,  and  may  be 
accepted  without  limitation  as  an  important  factor  in  the  activity  which 
we  are  studying.  It  follows  directly  from  this  that  the  chemical  analyses 
of  volcano  gases  offered  by  Brun  in  support  of  his  conclusion  that  the 
exhalatioM  from  Kilauea  and  other  volcanoes  are  anhydrous,  also  carry 
on  their  face  the  clear  proof  that  his  conclusion  is  untenable.  Neither 
CO,  nor  SO2  can  be  associated  with  free  hydrogen  at  temperatures  in  the 
vicinity  of  1,000"  without  the  formation  of  water.  The  two  analyses 
offered  by  Brun  of  the  gases  given  off  on  reheating  the  Kilauea  lava  show 
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them  to  be  chiefly  mode  up  of  preciseij  these  ingredientB  (loc.  cit.,  page 

115): 

Brun'a  AtMlyaea  of  Oatet  obtained  from  Kilavea  Lava  wAen  Heated  in  Vacuo 


Ha traces     Cl  (Ubre) B.B8 

80,  1.7     Ha  1.71 

CO,  60.8     80, 4.72 

CO 17.8    GO, w.oe 

B, 28.5     CO 11.60 

N, 1,2     CH, .■ ; 0.88 

H, 6.10 

N, o.a 

It  is,  furthermore]  noticeable  that  the  analyses  here  offered  by  Bmo  as 
representative  of  the  gases  emanating  from  Halemaumau  do  not  in  any 
way  agree  witli  the  composition  of  the  gas  which  we  obtained  from  liquid 
lava.  He  finds,  for  example,  in  one  analysis  more  than  ?  per  cent  of 
chlorine  in  one  form  or  another,  where  we  find  0.02  per  cent  or  less.  He 
obtained  about  5  per  cent  of  SO,,  whereas  SO,  during  our  visit  was  per- 
haps the  moat  notable  gas  evolved  from  this  crater. 

The  relative  Quantities  of  the  constituent  Gasbb 

Leaving  now  the  question  of  the  identity  of  the  gaaea  discharged  by 
the  lava  at  Halemaumau,  we  should  perhaps  turn  for  a  moment  to  the 
consideration  of  their  relative  quantity,  which,  as  already  intimated,  is 
not  BO  well  established  by  our  samples  because  of  the  unexpected  presence 
and  condensation  of  the  water  in  the  collecting  tubes. 

In  addition  to  the  presence  of  the  iron  tube  and  its  possible  effect  on 
the  total  quantity  of  water  and  of  free  sulphur  collected  in  our  tubes, 
which  has  been  discussed  above,  our  analyses  of  the  gases  (page  688)  are 
subject  to  a  second  limitation  which  is  at  once  obvious.  When  the  pump- 
ing had  been  completed,  the  collecting  tubes  each  contained  a  quantity  of 
the  condensed  water,  in  which  the  fixed  gases  are  individually  soluble  in 
varying  degree  both  during  and  after  cooling.  There  is  also  some  reac- 
tion between  the  gases  and  water.  The  long  period  which  elapsed  be- 
tween the  date  of  collecting  the  gases  and  their  analysis  in  Washington 
after  the  close  of  the  field  season  (nearly  a  year)  gave  opportunity  for 
these  readjustmente  to  proceed  practically  to  completion.  The-  SO,,  for 
example,  has  gone  over  in  part  or  altogether  to  SO,  and  gone  into  solu- 
tion, and  only  two  of  the  five  tubes  analyzed  now  show  SO,  as  such, 
Moreover,  the  resulting  acid  solution  may  have  reacted  to  a  limited  ex- 
tent on  the  glass  tube,  and  accordingly  be  responsible  for  all  or  a  part  of 
the  alkalies,  lime,  and  alTnin'nft  shown  in  the  analyses  of  the  water  (page 
592). 
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Preuuinary  Analysis  of  one  Tube  op  Gas  in  Honoldlu 

For  this  reason  eome  importance  attaches  to  a  preliminary  and  very 
hasty  analysis  of  the  contents  of  one  of  the  tubes  (number  3)  m&de  but 
four  days  after  the  collection,  for  vhich  the  College  of  Hawaii  most 
courteously  extended  the  facilities  of  its  chemical  laboratory  at  Honolulu. 
This  preliminary  analysis  was  undertaken  solely  as  a  precaution  against 
the  consequences  of  a  possible  total  loss  of  the  material  collected  through 
accidents  of  transportation. 

Owing  to  the  limited  facilities,  it  was  not  possible  to  make  a  complete 
analysis;  but  in  tube  number  3,  shaking  with  water  reduced  the  total 
volume  of  gas  by  51.6  per  cent,  which  may  fairly  be  assumed  to  represent 
the  SO,  in  this  particular  tube.  As  there  was  a  quantity  of  the  con- 
densed volcano  water  in  the  tube  already,  this  merely  reveals  the  quantity 
of  SO,  in  excess  of  the  quantity  already  taken  up  by  this  water.  The 
carbon  dioxide  of  this  tube  amounted  to  39.8  per  cent,  but  was  probably 
contaminated  with  some  SO,.  The  CO  amounted  to  5.5  per  cent.  The 
hydrogen  and  nitrogen  could  not  be  determined,  but  there  was  not  enough 
hydrogen  in  the  residual  gas  to  form  an  explosive  mixture  when  mixed 
1 : 1  with  air.  The  water  in  this  tube  gave  a  very  slight  turbidity  with 
acid  silver  nitrate  and  a  slight  precipitate  of  SO,.  This  latter  represents 
the  amount  formed  in  the  tube  in  the  time  which  elapsed  between  the 
collection  and  analysis  (four  days).    This  tube  gave  no  test  for  titanium. 

Hydrocarbons  could  not  be  detected  in  any  of  the  tubes. 

The  Material  Present  in  the  Water 

The  water  which  was  collected  in  the  first  tubes  of  the  series  may  fairly 
be  assumed  to  contain  practically  all  of  the  halogens.  The  analysis  of 
this  water  is  given  in  table  3. 

Table  3 
Analytet  of  Matertal  contained  in  1^  Water  collected  In  the  Tubet 


Tube  1 

Tube  Z 

0.031  grams' 

0.011 

0.14 

0.010 

0.206       ■' 

0.492  " 
none  ** 
none      " 

0.808       " 

The    major    portion    of 

CaO  

Fe.O,| 

MO. ;  ■  ■ 

CI  

..  0.0120        " 
..  0.080 
..  0.220 

these  may  have  come 
from  tbe  gloss  or  from 
Pele'B  hair. 

NH, 

TIO.  .... 
Total  S  as 

SO.... 

..  0.0018       " 
...  0.006(7)  " 
..  0.480 
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It  is  not  improbable  that  most  of  the  alkalies,  lime,  and  alumina  have 
reBnlted  from  the  action  of  the  acid  liquid  on  the  glass  tubing,  but  it  is 
of  the  greatest  importance  to  establish  the  fact  that  the  entire  quantity 
of  gas  pumped  through  the  "wash  bottle"  yielded  no  more  than  0.4  gram 
of  chlorine.  If  this  be  calculated  in  the  form  of  gas,  it  will  correspond 
at  most  to  0.02  per  cent,  assuming  that  approximately  1,000  liters  of  gaa 
were  drawn  into  the  tubes.  Fluorine  seems  to  be  present  in  about  twice 
this  quantity,  but  in  no  sense  can  these  halogens  be  regarded  as  forming 
more  than  a  very  minor  part  of  the  crater  exhalation. 

Babe  Gases 

In  the  pr(^;res8  of  the  analyses,  after  all  the  active  gases  had  been  re- 
moved from  the  several  tubes  analyzed,  there  remained  an  inactive  residue 
which,  of  course,  consisted  mainly  of  nitrogen,  but  which  might  be  sup- 
posed to  contain  traces  of  argon,  helium,  or  other  of  the  rare  inert  gases, 
should  any  such  chance  to  have  been  present  Id  the  volcano  emanation. 
For  the  determination  or  detection  of  these  several  of  the  residues  were 
brought  together  in  a  spark  tube  and  exposed  for  several  hours,  in  the 
presence  of  oxygen,  to  an  alternating  current  spark  discharge  of  consider- 
able intensity.  Wh^  the  volume  of  residual  gas  could  no  longer  be  dimin- 
ished by  this  means,  there  remained  a  final  residue  of  75  cubic  centimeters 
of  gas,  which  was  forwarded  to  Prof.  E.  W.  Wood,  of  Johns  Hopkins,  who 
very  kindly  offered"  to  make  a  spectroscopic  esamination  of  it  for  traces 
of  the  rare  gases.  The  search  yielded  a  decisive  negative  result.  No  lines 
characteristic  of  any  of  the  rare  gases  could  be  found  with  the  spectro> 
scope,  nor  did  exposure  to  charcoal  at  the  temperature  of  liquid  sir  leave 
any  residue  whatever.  The  gas  examined  was,  therefore,  all  nitrogen.  Sub- 
sequently the  residues  (15  cubic  centimeters)  from  another  group  of  the 
tubes  were  treated  in  the  same  way  and  forwarded  to  Professor  Wood, 
who  was  again  able  to  detect  nothing  but  pure  nitrogen.  It  appears  to  be 
definitely  established,  therefore,  that  the  gases  collected  from  Halemsu- 
mau  in  May  contain  nitrogen  hut  no  argon.  This  affords  a  most  desirable 
confirmation  of  our  belief  that  the  volcano  gases  were  successfully  col- 
lected before  they  had  come  in  contact  with  atmospheric  air  at  all,  and 
were  therefore  entirely  uncontaminated  either  by  reaction  or  admixture 
with  it.    It  also  offers  support  to  the  view  that  the  volcanic  nitrogen  is 

"We  desln  to  ttXe  tbla  opportualtr  to  tbank  Proteuor  Wood  for  eourteousl;  offeriDf 
to  eztnlne  these  B>a  retldiiM.  The  Oeophjalcal  Leboratoir  poBsesseB  neither  tbe  «qalp- 
moot  oor  th«  apeclii  eiperleuce  oeceawrr  to  u|i4ert«k«  >  BpeetroKoplc  •tndr  of  tlili 
critical  character. 
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not  of  atmoepheric  origio — to  which  further  aUusion  will  be  made  in  the 
coDcluding  paragrapha. 

The  Oases  oollbctbd  ly  Deobmbeb,  191S 

From  the  gasea  which  were  collected  in  vacuum  tubes  on  December  4, 
1918,  much  lesa  InfotTnation  is  obtainable  than  from  the  May  collection, 
in  spite  of  the  more  elaborate  preparations  made  for  the  second  attempt 
This  was  wholly  due  to  the  fact  already  mentioned,  that  the  dome  from 
which  the  December  gasee  were  collected  proved  on  near  approach  to  be 
an  imperfect  one,  which  permitted  the  entrance  of  air  and  a  partial  com- 
bustion of  the  gases  within  the  dome.  Six  individual  vacuum  tubes  (tvo 
of  one-half  liter  capacity  and  four  of  250  cnbic  centimeters)  were  auto- 
matically filled  and  sealed  off  within  this  dome  and  were  brought  to 
Washington  in  safety,  but  were  found  on  opening  to  contain  mixtures  of 
volcano  gases  and  air,  such  as  might  be  expected  from  exposure  to  the 
temperature  at  which  they  were  collected  (about  1,000°),  There  is,  of 
course,  no  more  reason  for  expecting  the  chemical  reaction  between  the 
gases  and  air  to  have  proceeded  to  an  equilibrium  than  in  the  case  of  the 
reactions  between  the  volcanic  gases  alone,  whence  the  analyses  of  the 
gases  contained  in  these  tubes  may  be  expected  to  show  very  variable  pro- 
portioDB. 

In  stating  the  analyses  the  free  oxygen  fonnd  has  been  subtracted,  to- 
gether vrith  a  corresponding  portion  of  the  nitrogen  appropriate  to  the 
normal  composition  of  air.  Probably  more  of  the  nitrogen  should  have 
been  subtracted  as  an  equivalent  for  the  oxygen  taken  up  in  the  combus- 
tion of  the  sulphur  products  and  carbon  monoxide,  hut  the  amount  would 
be  difficult  to  fix  in  view  of  the  reactions  between  the  volcano  gases  them- 
selves and  it  baa  not  been  attempted.  The  analyses  at  best  add  but  little 
to  the  knowledge  already  obtained. 

Table  4 

Analvaea  of  Qaaet  collected  in  December,  lait 

PerceDtages  by  weight 

Tabe  2  Tube  3  Tubr  9 

CO,  4».«  33.7  46.4 

N, 24.1  32.1  21.3' 

H,0... 26.2  26.8  29.7 

SO. none  7.8  3.B 

01 ." trace  none  trace 

F  none  none  none 
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If  we  make  the  only  available  assumption,  namely,  that  the  oxygen 
which  ia  now  present  as  water,  if  it  came  from  the  air,  must  have  left  be- 
hind a  coireeponding  amount  of  nitrogen,  then  the  amount  of  nitrogen 
found  in  theee  three  vacuum  tubes  is  in  every  case  two  or  three  times  too 
amail.  For  example,  in  tube  number  2,  if  all  the  oxygen  now  contained 
in  the  water  came  from  admixed  air,  there  should  have  been  at  least  240  * 
cubic  centimeters  of  nitrogen  in  this  tube  ioatead  of  7i  cubic  centimeten, 
aa  actually  found.  There  is  but  one  conclusion,  namely,  that  only  the 
minor  portion  of  the  water  found  in  the  tubes  was  formed  through  reac- 
tion with  atmospheric  oxygen.  Here  again,  therefore,  we  have  corrobo- 
rative evidence  of  water  emanating  directly  from  the  liquid  lava. 

STone  of  these  vacuum  tubes  gave  a  test  for  ammonia,  which  is  not  sur- 
prising, since  the  water  collected  in  May  showed  only  a  trifling  amount. 
With  the  possible  exception  of  5  milligrams  of  insoluble  residue  found  in 
tube  number  1  of  the  May  collection,  no  titanium  was  present.  The  other 
tubes  of  the  series  yielded  none  on  test. 

The  Hot  Ehanatioks  pboh  Cracks  aboct  the  Haleuadhau  Cbateb 
It  was  thought  desirable  to  collect  and  analyze  the  gases  from  a  number 
of  the  hot  cracks  which  occur  outside  the  rim  of  the  Halemaumau  pit 
(see  plate  17)  for  comparison  with  the  gases  exhaled  from  the  liquid  lava. 
One  of  the  cracks  forms  an  almost  complete  ring  around  the  pit  at  a  dis- 
tance of  about  ISO  meters  from  the  rim.  While  this  crack  appears  prac- 
tically continuous,  there  are  a  number  of  points  where  the  gaseous  exhala- 
tions are  much  more  voluminous  than  at  others.  The  small  steam  cloud 
in  plate  17  comes  from  this  crack.  The  temperature  of  the  gases  ob- 
tained at  points  on  this  circular  crack  and  some  10  feet  below  the  surface 
were  quite  uniformly  between  190  and  200°. 

At  the  most  noticeable  of  these  "hot  spots,"  locally  known  as  the 
"Devil's  Kitchen"  or  "Postcard  Crack,"  and  situated  northeast  of  the 
Halemaumau  pit,  the  surface  lava  flows  are  much  decomposed  and  con- 
sist of  a  coarse,  somewhat  sandy,  mixture  of  calcium  sulphate,  alum,  ferric 
sulphate,  and  much  free  sulphur.  In  the  gaseous  exhalation  the  amount 
of  SOj  occurring  as  such  is  relatively  high,  while  CO,,  SO,,  and  free  sul- 
phur are  also  present  in  large  quantities.  A  vacuum  tube  filled  at  this 
point  yielded  in  weight  per  cents: 

CO, 3.64  (per  ceut  by  weiRht) 

O,  1»,54      '■      "     "         ■■ 

N, 66.71      "      "     "         " 

H/> 9.74      "      »     «         " 

SO," 0.87      "      "     »         « 


•  B<V 
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Other  tubes  which  were  filled  by  pumping  at  this  crack  were  foond  to 
contaia  fixed  gases  as  follows : 

COi 6.8  (per  cent  by  volume) 

O,  18.2      "      "     " 

N, 76.0      "      -     " 

while  the  water  (about  20  cubic  ceutimeters)  yielded: 

Cl  0.0DI3  gram 

F  0.0079 

SO, 0.328 

NH, none 

Another  spot  of  great  gaseoue  activity  occurs  in  this  circular  crack  near 
the  terminus  of  the  automobile  road  aud  southeast  of  the  center  of  the 
active  pit.    The  vacuum  tube  taken  at  this  point  yielded : 

CO, 8.12  (per  cent  by  weight) 

O,  14.58      "      "     " 

N,  81.20      

H/) 25.49      ■'      "     " 

80, 0.6ft      " 

Cl  undet      "      "     "         " 

The  water  contained  in  the  tube  which  was  filled  by  15  minutes  pumping 
at  this  point  (amounting  to  about  15  cubic  centimeters)  yielded  the  fol- 
lowing: 

Cl  0.0298  gram 

F  none 


50  meters  to  the  northeast  of  this  point,  along  the  same  crack,  the  gas 
obtained  was  merely  moist  air,  with  a  trace  of  SO,  and  uncertain  traces 
of  Cl. 

About  100  meters  south  of  the  terminus  of  the  automobile  road  is  a 
moist  region,  where  the  decomposed  lava  rock  was  found  to  be  more  or 
less  saturated  with  sulptiuric  acid,  the  decomposition  prodncte  being 
black  rather  than  the  bright  sulphur  yellow  prevailing  at  the  points  abort 
described.  A  vacuum  tube  taken  in  this  region,  which  is  again  on  the 
circular  crack  surroundinff  the  pit  and  nearly  due  south  of  it,  yielded: 

CO, 9.M  (per  cent  by  weight) 

O.  18.18      »      "     " 

N,  63.85      "      "     " 

H,0 7.81      "      '■     " 

SO, O.Bl      "      "     " 
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The  water  condensed  in  a  tube  filled  by  pumping  at  this  point  yielded 
about  3  milligrams  of  chlorine,  but  no  fluorine. 

With  regard  to  the  chemical  products  along  this  circular  crack  about 
the  crater  basin  of  Halemaumau,  we  can  sum  up  by  saying  that  water, 
although  no  doubt  partly  of  meteoric  origin,  was  always  present  at  the 
time  of  our  visit,  and  the  gases  were  prevailingly  high  in  carbon  dioxide, 
sulphur  dioxide,  and  sulphur  trioxide.  Only  at  the  automobile  road  ter- 
minus was  chlorine  found  to  be  present  in  an  amount  sufiBcient  to  show 
appreciably  in  a  field  taet. 

Cracks  farther  removed  from  the  Halemaumau  pit  show  in  some  cases 
small  amounts  of  SO,,  but  more  frequently  exhale  merely  steam.  Thus 
in  caves  where  stalactites  are  forming  at  a  temperature  of  about  40°,** 
the  gas  present  was  in  all  the  cases  examined  merely  air  and  steam  and 
contained  no  more  CO,  than  is  normally  contained  in  the  air.  The  for- 
mation of  the  stalactites  in  this  cave  is  accompanied  by  the  formation  of 
gelatinous  silica  in  the  presence  of  some  kind  of  green  algte.  As  might 
be  expected,  neither  carbon  monoxide  nor  hydrogen  was  detected  in  the 
gasea  taken  from  these  cracks. 

Sublimation  and  Decomposition  pRODUCTa 

Numerous  samples  of  decomposed  lava  were  taken  from  various  points 
around  the  crater  where  the  alteration  of  the  surface  lava  is  conspicuous. 
While  the  examination  of  these  is  not  complete,  the  preliminary  results 
can  be  summed  up  by  saying  that  the  samples  consist  primarily  of  the 
products  to  be  expected  from  a  sulphuric  acid  decomposition  of  Hie  usual 
basic  lava.  In  most  of  the  places  where  these  samples  were  gathered  the 
surface  is  constantly  bathed  by  the  volcanic  cloud  carrying  SOj,  SOj,  and 
free  sulphur,  together  with  steam;  which  ingredient  predominates  is  of 
no  particular  interest,  so  far  as  the  general  problem  of  surface  alteration 
is  concerned.  In  addition  to  the  gaseous  products,  the  breaking  down  of 
tlie  lava  results  in  ferric  sulphate,  which  is  formed  more  or  less  rapidly 
fn»m  the  oxide  in  presence  of  steam.  Alum  occurs  at  favorable  places 
Dver  most  of  the  main  floor  of  the  Kilauea  crater,  but  the  amount  is 
relatively  small.  Gypsum  is  perhaps  the  most  common  decomposition 
product  which  is  left,  and  this  occurs  all  over  the  crater.  Projecting  lava 
points  on  the  under  side  of  a  lava  block  will  often  be  found  tipped  with 
small  crystals  of  gypsum. 

Since  the  gases  collected  point  uniformly  to  the  conclusion  that  the 
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amount  of  chlorine  given  off  by  the  crater  at  the  time  of  onr  etudies  was 
relatively  inBignificant,  it  seemed  worth  while  to  look  for  it,  as  Brun  had 
done,  in  the  older  lava  which  had  been  exposed  to  the  fumes  of  the  crater 
for  several  years.  A  specimen  of  lava  was  accordingly  taken  on  the  Ice 
side  o£  the  crater  rim,  where  it  had  been  fumed  with  the  gases  carried 
over  it  by  the  trade-winds  for  20  years  or  more.  This  lava  in  a  3-gram 
sample  yielded  no  test  for  chlorine.  This  result  is  not  aa  satiafactory  aa 
it  might  otherwise  be  from  the  fact  that  the  major  portion  of  the  exhala- 
tion of  the  volcano  is  SOj,  which  when  combined  with  water  readily 
changes  to  sulphuric  acid  and  would  tend  to  drive  the  chlorine  out  of 
any  combinations  which  it  might  form.  It  constitutes,  nevertheleBS,  a 
plain  indication  that  the  amount  of  chlorine  actually  evolved  is  insig- 
nificant. 

Discussion  op  Results 

QEHERAL  OOyOLVBlOSB 

In  BO  far,  then,  as  this  reconnaissance  yields  final  results,  it  shows  that 
the  gases  evolved  from  the  hot  lava  at  the  Halemaumau  crater  are  N",, 
H,0,  CO,,  CO,  SO3,  free  H,  and  free  S,  with  CI,  F,  and  perhaps  NH„ 
in  comparatively  insignificant  quantity.  No  argon  or  other  rare  gases 
and  no  hydrocarbons  were  found. 

THE  EFFECT  OF  THB  REACTIOSB  BETWEEN  THE  OASES 

The  iirst  plain  conclusion  which  follows  from  the  discovery  of  this 
particular  group  of  gaaes  associated  together  at  a  temperature  of  1,000° 
or  more  is  that  they  can  not  possibly  be  in  equilibrium  there,  and  that 
chemical  action  between  them  is  still  going  on.  Whatever  may  have  been 
the  previous  opportunities  for  chemical  readjustment  among  the  gases  as 
they  rose  in  solution  with  the  magma  and  were  gradually  set  free  with 
the  diminishing  pressure,  they  are  still  in  process  of  active  reaction  when 
discharged  into  the  air.  Free  sulphur,  for  example,  could  not  have  re- 
mained in  permanently  stable  association  with  CO,;  neither  conid  free 
hydrogen  be  found  iu  stable  association  with  CO,  and  SO,  at  1,000°. 

THE  BFFBOT  OF  THB  BXPANSIOH  OP  THE  OABBB 

Moreover,  aa  the  pressure  continued  to  diminish  during  the  progress  of 
the  upward  movement,  the  quantity  of  ^s  released  from  solution,  and 
therefore  free  to  enter  into  new  relations,  must  have  been  constantly  and 
rapidly  increasing  up  to  the  moment  of  discharge  into  the  air. 

Two  consequences  follow  from  the  continuation  of  this  operation, 
which  are  thermally  opposite  in  sense.  First  is  the  rapid  expansion  of 
the  gases  with  the  release  of  pressure,  which  is  a  cooling  phenomenon,  and 
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vhicfa,  if  the  expansion  take  place  suddenly  from  a  high  pressure  into  the 
air,  might  finally  be  extremely  rapid. 

AN  BXPLAWATIOS  OF  TBB  rOBMATIOS  OF  AA  LAVA 

Parenthetically,  it  may  be  noted  in  passing  that  such  rapid  ezpansicoi 
and  consequent  cooling  when  occurring  suddenly  at  the  Burface  may  very 
well  be  the  sufficient  cause  of  the  Aa  lava  formations.  Qreat  blocks  ap- 
pear to  have  cooled  in  this  way  so  rapidly  that  no  opportunity  was  given 
for  the  suddenly  projected  and  rapidly  expanding  lava  outbursts  to  "heal" 
and  resume  liquid  flow.  The  projected  massee  are  cooled  almost  instantly 
throughout  their  mass  and  remain  discrete  blocks  of  the  roughest  and 
most  ragged  outline  (plate  2S),  which  are  pushed  forward  thereafter  in  a 
manner  which  has  been  likened  to  a  "moving  stone  wall,"  beneath  which 
the  advancing  liquid  can  rarely  be  seen.  This  hypothesis  of  the  manner 
of  formation  of  Aa  lava  has  encountered  no  limitation  from  a  field  ex- 
amination of  Aa  fiowa  at  the  point  of  outbreak,  and  enjoys  still  further 
confidence  from  the  fact  that  this  is  almost  the  only  conceivable  method 
of  bringing  about  s  nearly  instant  cooling  throughout  the  mosa  of  a  very 
large  block  of  lava.  (Aa  blocks  are  sometimes  reported  to  reach  the  size 
of  a  small  house.)  Any  manner  o£  cooling  from  the  outside  inward  in 
such  masses  must  have  resulted  in  much  mechanical  deformation  during 
the  forward  movement  after  the  surface  had  "set,"  causing  rapture  and 
outborets  of  imprisoned  liquid,  none  of  which  were  found  in  the  field." 

The  rate  of  cooling  of  gases  expanding  adiabatically  has  been  especially 
emphasized  by  Daly,"  who  has  contended  that  when  the  liquid  lava  finds 
exit  through  a  long  and  rather  narrow  pipe,  like  the  vent  at  Halemaumau, 
the  pressure  must  diminish  rapidly  as  the  lava  rises,  and  the  temperature 
must  fall  rapidly  in  accordance  with  the  law  of  adiabatic  expansion.  In 
order  to  maintain  such  an  exposed  surface  basin  in  the  liquid  state,  it  is 
then  necessary  to  postulate  a  very  high  temperature  for  the  lava  far  below 
the  surface,*"  but  this  has  eerious  difficulties  because  of  the  chemical  com- 
plications which  would  follow  from  it. 

CHBMtOAL  RBAOTION  BBTWBBN  THE  GABBS 

The  second  consequence  of  the  gradual  release  of  gases  is  the  interre- 
action  between  the  gases  thus  set  free  in  constantly  increasing  quantity  aa 


**For  other  explaDatlom  ol  tbe  formatloa  of  Aa  Iatb  we  Green,  loc.  cIL,  p.  ITl ; 
Hitchcock :  "Hawtll  and  lU  TolcaniMS,"  p.  282  ;  Dana  :  "CharacterlBtlcs  of  VoleanMa." 
p.311. 

■  R.  A.  Daly :  -The  Nature  of  Volcanic  Action."  Proc.  Am.  Acta.  Bel.,  toL  47.  1911, 
p.  84. 

"  D«lr  bu  calcnlated  a  temperature  (radlent  of  2,000*  per  37  meten  of  <Ieptb  (or  the 
rate  ol  eoollBg  of  tbe  gaa  along,  bat  tbe  ealenlatloD  t&kee  no  account  at  tha  relAtlTaty 
woimcnu  man  of  adjae«(it  Ura  wblcb  mnat  be  coaled  by  tha  gaa. 


DgilzccH.,  Google 


600        DAY  AND  BHBPHBRD — WATER   AND  VOLCANIC   ACTIVITY 

th£  Burface  is  approached.  These  reactions  are  accompanied  by  evolution 
of  heat,  which  obriouBly  operate  to  raise  the  temperature  of  the  sur- 
rounding lava  BO  long  aa  the  reacting  gases  remain  in  contact  with  it. 
The  heat  generated  by  these  gas  reactions,  in  the  region  near  the  surface 
where  the  amount  of  gas  is  large,  may  well  be  much  more  than  sufficient 
to  counteract  the  cooling  effect  of  the  expansion  within  the  rising  lava 
coltinm,  which  may  thue  become  hotter  and  not  cooler  as  it  approaches 
the  surface. 

Precise  figures  can  hardly  be  given  for  the  difference  in  magnitude 
between  the  two  forces  which  have  been  assumed  to  oppose  each  other 
here,  the  adiabatic  cooling  on  the  one  hand  and  the  heat  of  reaction  be- 
tween the  gases  on  the  other,  for  we  do  not  yet  know  what  all  the  reac- 
tions are  in  such  a  complicated  chemical  system,  nor  do  we  possess  any 
knowledge  of  the  height  of  the  lava  column  through  which  the  gases  are 
free  to  react.  In  fact,  if  the  tube  which  feeds  the  volcano  from  below  be 
supposed  to  contain  both  ascending  and  descending  columns  of  liquid 
lava  of  widely  variable  temperature  (Daly)  in  which  the  circulation  is 
primarily  controlled  by  the  (relatively  very  large)  differences  of  specific 
gravity,  then  it  is  indeed  questionable  whether  the  common  equations  for 
adiabatic  expansion  find  application  here  at  all.  In  any  event,  if  we  may 
assume  such  reactions  to  be  going  on  between  the  gases  as : 

H,  +  CO,  =  CO +  H,0  + 10,000  calories  (Haber) 
or 

CO  +  H  0,  =  CO,  +  68,000  calories  (Haber) 

or  the  reaction  between  gas  and  lava : 

3FeO  ■+-  HjO  =  Fe,0«  +  H^  -|-  15,400  calories  (Chamberlin) 

then  the  effect  of  adiabatic  cooling  is  certainly  of  negligible  magnitude 
in  comparison  with  these.  This  is  reasoning  far  beyond  the  data  now  in 
hand,  but  it  serves  to  show  that  there  is  no  cooling  effect  of  comparable 
magnitude  with  the  heating  effect  of  the  reactions  going  on  within  the 
active  lava. 

If  the  reactions  quoted  above  afford  a  proper  measure  of  the  order  of 
magnitude  of  the  heat  quantity  thus  released  by  chemical  reaction  within 
the  tube  and  surface  basin  of  the  volcano,  we  have  here  happened  on  an 
enormous  store  of  volcanic  energy  which  reaches  its  maximum  tempera- 
ture at  the  surface  itself.  It  is  by  no  means  certain  at-  the  moment  that 
this  discovery  throws  any  new  light  on  conditions  far  below  the  surface, 
except  perhaps  to  relieve  us  of  the  necessi^  of  postnlating  extreme  tem- 
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pemtnres  for  the  lava  chambera  below,  which  on  other  grounda  muat  be 
coDflidered  highly  improbable.*' 

YARIATIONS  IN  THE  COUPOSITION  OF  TBB  (JABBB 

In  full  accord  with  the  positive  concluaion  that  theae  particular  gaaea 
can  not  exist  together  in  stable  equilibrium  at  the  temperature  at  which 
they  are  found,  but  are  in  procesB  of  active  reaction,  the  record  of  the 
aaalyecB  shows  their  compoeition  to  vary  from  one  tube  to  another.  Suc- 
cessive tubes  collected  from  the  volcano  at  the  same  time  (table  2,  page 
588)  do  not  show  the  individual  gases  to  be  present  in  the  same  propor- 
tions, but  rather  in  proportiona  which  change  with  every  bubble  which 
bursts  from  the  liquid  basin. 

VARIATIOSB  OF  LAVA  TBMPBRATVRE  RBBVLTISQ  FROM  TBB  QA8  RBACTIOSB 

Further  confirmation  of  the  same  conclusion  is  found  in  the  observa- 
tion, already  noted  elsewhere,  that  when  the  gases  given  off  by  the  lava 
increase  in'quantity  (plate  37),  the  quantity  of  lava  (lava  level  in  the 
basin)  remaining  the  same,  its  temperature  increases,  and,  conversely, 
when  less  gas  is  discharged  through  the  lava  this  temperature  ditninishea 
again.  During  the  period  of  our  visit  in  1912  this  change  in  the  tem- 
perature at  the  surface  of  the  active  lava  in  the  basin  amounted  in  maxi- 
mum  to  116°  (June  13,  1912,  l.OI'O*' ;  July  6,  1912,  1,185°),  and  is 
therefore  much  greater  than  could  be  explained  in  so  large  a  basin  by 
fortuitous  conditions  of  measurement.  This  absence  of  equilibrium  and 
consequent  variability  of  composition  is  also  in  accord  with  the  observa- 
tions of  Ferret  and  others  at  Vesuvius,  that  the  relative  proportions  of 
the  gases  vary  greatly  with  the  condition  of  the  crater. 

EIPLOaiVB  LAVAS    (BBUK) 

Prom  the  same  viewpoint  the  laboratory  observations  of  Brun  on  "live" 
or  "explosive"  lavas  and,  in  contradistinction,  "dead"  lavas  acquire  new 


B  Whetber  tbese  kbb  r«acll0DS  may  serve  as  a  source  Of  heat  throuKh  which  to  polot 
tbe  reaembtaDcc  between  Toli^ntc  pbenomsDa  and  geyser  actloD  <Dal;)  must  be  assigned 
rather  to  the  cealm  of  gealaglc  speculation.  At  all  events,  tbe  auperflclal  pheaomena  at 
SlUoea  woDld  seem  to  And  a  serviceable  eiplanatloa  without  requiring  any  ol  tbe  ejecta 
except  the  gasea  to  be  of  deep-seated  origin.  Indeed,  the  outbreak  Id  May.  191E,  of  a 
lava  itream  from  the  talus  Immediately  adjacent  to  ihe  lava  lake  and  some  40  feet  above 
Ita  level  (plate  26J  would  seem  to  neceultate  dUrerencei  ol  pressure,  and  therefore 
separate  lava  chambers,  but  short  distances  below  tbe  surface,  In  much  the  same  ther- 
modynamic relations  as  ibow  supposed  to  eilat  between  nelgbborlng  geysers  of  different 
height  and  character.  Hot  gases  from  a  common  xource  percolating  through  chambers, 
such  aa  appear  to  honeycomb  the  Island  of  Hawaii,  and  reacting  eiothermally  through- 
out their  Jouraey  as  actively  as  a  Bunsen  burner,  would  appear  to  offer  sufflcleDt  amount 
and  rarltty  of  power  to  accomplish  all  the  visible  activity  now  seen  there. 
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ood  nttional  significance.  In  all  the  ezperieoce  of  the  Geopb^mcal  Labo- 
ratory with  the  tbemuil  study  of  silicates,  we  have  fonnd  no  Datnral  rocks 
or  minerals  which  did  not  set  free  gaeee  in  conBiderable  quanti^  when 
heated  in  the  laboratory  to  a  temperature  high  enough  to  melt  their  chief 
conetituenta.  Cbamberlin,**  in  hia  elaborate  series  of  analyses  of  the 
gases  contained  in  rocks,  seems  to  have  had  the  same  experience.  If  these 
studies  together  represent  sufficient  breadth  of  experience  to  justify  a 
sweeping  conclusion,  then  there  are  no  "dead"  rocks,  meaning  thereby 
igneous  rocks,  which  no  longer  release  original  volatile  ingredients  when 
heated  to  melting.  On  the  other  hand,  if  we  admit  the  nearly  or  quite 
universal  distribution  of  gaseous  ingredients  in  igneous  rocks,  but  sup- 
pose these  gases  were  in  equilibrium  with  each  other  throughout  the  solidi- 
fication period,  then  reheating  in  the  laboratory  could  discover  do  "explo- 
sive" rocks.  The  distinction  "dead"  rocks  and  "live"  or  "explosive"  rocks 
loses  all  significance  so  long  as  it  applies  merely  to  rocks  containing  gase«. 
in  virtual  equil'Strium  with  each  other,  which  merely  release  the  gas  when 
heated.  But  iromediately  we  understand  that  in  lavas  carrying  gases  in 
solution  or  mechanical  imprisonment  the  gases  shut  up  therein  may  react 
together,  with  release  of  heat,  the  moment  they  are  free  to  do  so,  "explo- 
sive" lava  has  a  definite  meaning,  and  Bnin's  experience  (loc.  cit.,  p.  65), 
that  "once  the  expansion  has  commenced  nothing  [for  example,  with- 
drawal of  the  source  of  heat]  can  stop  it,"  becomes  a  most  illuminating 
one.  Rapid  expansion  of  the  reacting  gases,  tc^ther  with  the  weakening 
of  the  inclosing  walls  through  the  accession  of  heat  thus  supplied  from 
within  may  veiy  well  produce  explosive  phenomena,  in  the  sense  in  which 
Brun  used  the  term,  either  in  nature  or  in  the  laboratory.  It  is  otherwise 
somewhat  difficult  to  see  how  simple  adiabatic  expansion  of  a  gas  inclosed 
in  wails  of  obsidian,  which  are  very  viscous  even  at  very  high  tempera- 
tures, can  produce  "explosions"  in  the  manner  postulated  by  Brun. 

WATBR  iXD   TUB  BASIO  MISERAL8 

There  is  another  conclusion  which  has  been  freely  offered  by  those  who 
hold  to  the  view  that  H,0  can  not  be  present  as  such  in  the  emanations 
from  active  volcanoes,  of  which  a  statement  may  be  found  in  the  quota- 
tion from  Green  in  the  opening  paragraph  of  this  paper.  It  states  that 
"the  basic  minerals  themselves  give  no  indications,  in  the  main  eruptions, 
of  having  been  in  contact  with  water,  highly  susceptible  ai'thei/  are  to 
such  an  influence." 

'iibllcatloDB  of  th*  Carnegie  laaUtntlen  «t 
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It  appears  reasonably  certain  that  the  italicized  portion  of  this  quota- 
tion (italics  are  ours)  is  dictated  by  the  relation  between  basic  rock, 
liquid  water,  and  air  at  comparatively  low  temperatures,  and  to  this  ex- 
tent it  may  very  well  be  true.  In  the  active  volcano  Kilauea,  however,  we 
are  dealing  with  gaseous  HjO  at  a  temperature  above  1,000° ;  this  ia  quite 
another  matter.  It  is  a  part  of  our  program  to  endeavor  to  supply  the 
lack  of  proper  data  about  the  relation  between  the  several  gases  found 
and  the  chief  ingredients  of  the  liquid  lava,  and  in  view  of  the  absence  of 
such  data  at  the  present  moment  the  question  raised  can  receive  no  very 
complete  answer.  It  is,  nevertheless,  »  comparatively  simple  matter  to 
bring  the  powdered  lava  and  water  together  at  1,100°  in  tiie  absence  of 
oxygen.  The  result  appears  to  support  our  view,  for  after  several  hours 
of  the  most  intimate  contact  between  the  gaseous  HjO  and  the  lava  no 
chemical  change  whatever  could  be  detected  either  in  the  "basic  minerals" 
or  the  water.  In  so  far  as  a  qualitative  experiment  of  this  kind  may  be 
regarded  as  conclusive,  this  lava  is  not  appreciably  affected  by  water  at 
the  temperatures  which  obtain  in  the  lava  lake  up  to  the  time  when  the 
water  leaves  the  lava  and  ia  discharged  into  the  air.  Pending  the  acqui- 
sition of  more  detailed  data,  therefore,  we  may  leave  this  question  in 
abeyance,  with  reasonable  confidence  that  it  will  be  found  to  be  in  full 
accord  with  the  fact  otherwise  established,  that  water  is  present  and  par- 
ticipates actively  in  the  volcanic  activity  at  Kilauea. 

OBigiN  OF  THB  WATBB 

If  we  now  grant  that  water  is  present  as  an  active  ingredient  of  the 
liqnid  lava,  in  view  of  the  positive  character  of  the  evidence  offered,  then 
it  becomes  pertinent  to  inquire  whether  this  water  is  of  magmatic  or  of 
meteoric  origin.  Obviously,  to  this  question  no  such  positive  answer  can 
be  returned  as  that  which  was  offered  in  support  of  the  main  thesis  of 
this  paper.  It  is  conceivable  (1)  that  water  may  have  entered  by  infiltra- 
tion of  searwater  from  the  surrounding  ocean,  or  (2)  through  more  or 
less  deep-seated  infiltration  of  water  originally  meteoric,  or,  finally,  (3) 
that  it  may  be  considered  strictly  magmatic  in  character  and  an  original 
constituent  of  the  lava. 

The  volcanoes  of  Hawaii  are  completely  surrounded  at  no  great  distance 
by  the  sea,  which  rises  on  their  flanks  to  a  height  of  15,000  or  16,000  feet, 
according  to  charted  soundings  and  the  observations  of  Dutton."  The 
The  crater  of  Kilauea  is  about  15  miles  from  the  nearest  approach  of  sea- 
water,  as  recorded  by  the  most  modem  surveys.    The  rock  is  for  the  most 
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part  porouB  in  high  degree.  Above  eealevel  rain  falls  almost  doily  on  the 
island  up  to  elevations  of  7,000  or  8,000  feet.  Moat  of  this  meteoric 
water  is  deposited  on  the  windward  side**  of  the  mountains  and  the  lee- 
ward portions  are  desert  or  nearly  so.  The  Kilauea  crater  is  situated  on 
the  flank  of  Mauna  Loa  at  an  elevation  of  about  4,000  feet  above  the  sea 
and  is  exactly  on  the  ridge  which  separates  the  region  of  rainfall  from 
the  desert  of  Kau.  It  is  somewhat  misleading  to  assume  with  Dana  that 
the  rainfall  at  the  crater  is  comparable  with  the  rainfall  at  Kilo,  the  near- 
est considerable  town  where  meteorologic  observations  are  made.  Hilo  is 
to  windward  of  the  crater  and  at  sealevel.  At  the  Volcano  House,  still 
some  3  miles  to  windward  of  Haleinaumau,  the  rainfall  tables  lately  pub- 
lished by  the  United  States  Qeological  Survey  give  the  annual  average  for 
the  yeara  1909-1911  as  78.7  inches  at  the  Volcano  House  and  136.5  inches 
at  Hilo.  It  is  also  true,  though  it  can  not  yet  be  supported  by  measured 
data,  that  the  rainfall  at  Ilalemaumau  is  even  smaller  tlian  that  recorded 
at  the  Volcano  House,  for  at  an  equal  distance  to  leeward  of  Halemaumau 
the  country  is  desert  and  practically  without  rainfall.  The  present  crater 
lies  in  the  midst  of  this  transition  zone  from  78  inches  to  zero.  Be  that 
as  it  may,  there  ia  a  more  or  less  abundant  rainfall  at  Kilauea,  even 
though  the  aggregate  amoimt  is  much  smaller  than  has  hitherto  been 
supposed. 

There  is  a  further  fact  of  observation  which  may  be  cited  in  this  con- 
nection. Wells  have  been  bored  on  the  sugar  plantations  at  elevations  up 
to  2,000  feet  on  Hawaii  and  on  the  other  islands.  In  these  borings  water 
is  invariably  met  with  (so  far  aa  we  were  able  to  learn)  at  sealevel  only. 
The  water  is  ordinarily  fresh,  but  a  heavy  draft  on  it  always  has  the  effect 
of  increasing  its  salt  content,  and  some  of  the  wells  have  been  perma- 
nently ruined  for  irrigation  purposes  by  this  means. 

So  far  as  the  conditions  surrounding  this  volcano  are  concerned,  there- 
fore, water  in  some  form  would  seem  to  be  very  widely  distributed  except 
on  the  high  mountains,  and  as  freely  available  as  silica  for  active  partici- 
pation in  any  form  of  volcanic  activity.  In  the  present  preliminary  sur- 
vey of  the  situation  it  therefore  appears  as  if  any  attempt  to  assign  the 
water  found  in  the  lava  to  one  or  other  of  these  three  conceivable  souices, 
or  perhaps  better,  to  justify  any  specific  distribution  of  it  among  the  three 
conceivable  sources,  must  be  based  on  assumptions  of  a  somewhat  arbi- 
trar)-  and  hypothetical  character.  Nevertheless,  there  are  some  indica- 
tions which  inevitably  give  direction*  to  the  probabilities  which  an  indi- 

••  It  will,  ot  course,  be  recalled  tbat  the  [iLandn  o(  the  HawalUn  group  Br«  within  the 
trtde-wlad  belt,  and  thai  tile  dIreclloD  of  the  wind  la  ver;  ucarlji  coDatant  throo^iODt 
matt  of  the  year. 
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vidual  observer  may  fix  on.  First  and  moat  important,  in  our  opinion,  is 
the  fact  that  the  nitrc^en  found  in  the  emanation  is  free  from  argon.  It 
is  plain  that  if  atmospheric  water  is  to  reach  a  hot  lava  column  at  a  tem- 
perature of  1,000°  or  higher  it  must  do  so  as  a  gas,  and  therefore  on  the 
same  terms  as  other  atmospheric  gases.  Argon  is  invariably  contained  in 
the  air  in  measurable  quantity  and  forms  no  chemical  compounds.  Whence 
it  follows  that  if  the  gases  of  the  atmosphere  had  reached  the  liquid  lava 
in  any  manner  whatsoever  the  argon  would  be  released  with  the  others, 
but  no  trace  of  argon  was  found. 

The  second  difficulty  is  to  conceive  a  mechanism  whereby  atmospheric 
or  surface  water  of  whatever  origin  (for  example,  the  sea)  can  make  its 
way  into  a  lava  column  or  basin  at  a  t«mperature  of  1,000°  or  more.  The 
Daubr^e  experiment,  whereby  water  vapor  was  found  to  make  its  way 
through  S  centimeters  of  sandstone  against  an  excess  pressure  within, 
though  often  quoted  in  this  connection,  does  not  help  us  to  a  solution  of 
it.  The  force  which  was  active  in  Daubrfe's  experiment  is  the  surface 
tension  of  water  only,"  and  water  will  obviously  have  no  surface  tension 
above  its  critical  temperature  of  374°  (except  perhaps  in  so  far  as  salt^  in 
solution  may  have  the  effect  of  raising  this  critical  temperature  slightly). 
This  temperature  passed,  water  must  make  its  way  precisely  like  any 


"  "Capillar!  forces  are  effectlTe  only  when  there  li  a  surTace  ot  Bepantlon  within  the 
porea.  .  .  .  Blnce  the  preaanre  dlacontlnullj  occars  only  at  the  tiirfac«  of  leparatton, 
a  eolmnii  of  llqald  can  be  Bupported  aniv  icAen  fH«r«  U  a  free  Itqutd  tartact  tclIMn  IA« 


".  .  .  Aa  regarda  the  InSumce  of  tnnperature  od  tbe  aurface  tenalon  of  water,  all 
the  Inveatlgatlona  anite  tn  abowtng  that  Ltn  eiirtace  tenalon  decrraafa  regularly  with  rise 
of  tMDperatnre.  becomlnR  lero,  of  courae,  at  the  critical  temperature  where  there  Is  no 
nita«e  of  aepantlon.  The  relatloTi  la  practically  linear  when  tbe  whole  ranse  la  con- 
aldered :  It  ma;  he  represented  with  sufflclent  accuracy  by  the  formula. 
<r,  =78  —  0,21  (  or  0.21   (870  —  1) 

where  r^  Is  toe  surface  tension  at  t'    (tempenture  centigrade)   eipreaaed  In  dynes  per 
centimeter. 

".  .  .  From  tlila  .  .  .  It  Is  evident  that  the  pressure  prodnclble  by  capillarity  la 
tnafgnincant  In  comparison  with  the  hydrostatic  pressure,  except  for  rery  Bne  porea 
.  .  .  and  thla  mlnuteneaa  of  tbe  porea  leads'us  to  Inquire  wbat  amount  of  water  could 
actually  flow  through  them,  ,  ,  .  Aaaumlng  the  mean  vlscoally  of  the  water  to  be 
0.005  fits  value  at  a  tempcratare  of  S0°),  the  amount  of  water  flowing  tbrougb  a  pore 
Of  diameter  1  c  ^^.  «.,  1/25000  Inch)  would  be.  about  IB  1 1(H  cc.  per  year.  .  .  . 
Now,  If  we  make  tbe  very  geuerous  estimate  that  10  per  cent  of  the  votame  Occupied  by 
the  rock  consists  of  pore  spaces  .  .  .  the  quantity  of'water  flowing  would  be  only 
IS  ec  per  iij.  cm.  of  surface  per  year.  .  ,  .  If  tbe  diameter  of  the  pores  Is  0,01  ii 
tbe  amoant  of  water  flowing  would  be  O.OOIB  cc,  per  mq,  cm,  of  aurface  per  year.  .  ,  . 
Id  other  words,  a  period  of  1,000  yoara  would  be  required  for  a  (luantlty  ot  water  equlva- 
leat  to  l.B  ems.   (about  oue-half  Inch)  of  tain  to  flow  past  a  given  horizontal  plane. 

"...  It  appears,  therefore,  as  It  tbe  probabllltlea  were  all  against  the  notion  that 
appreciable  amounta  of  meteoric  watpr  can  erpr  penetrate  Into  deep-sealed  end  bigbly 
tiMited  rock-maases,"  (John  Johnston  and  L,  H.  Adams :  "Observatlona  od  the  Danbrte 
cxpeiiineiit  and  capillarity  In  relation  to  certain  geologic  specntatlons."  Journal  of 
Oeolog;,  vol.  22,  m  preaa,  1013.) 

XLII — Bull.  Oaoi..  8oc,  An.,  Vou  24. 1012 
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other  gas  by  diffusion  through  pores  or  by  overcoming  wliatever  chemical 
or  mechanical  conditions  it  may  encounter.  The  prospect  is  not  an  en- 
couraging one.  The  hydrostatic  pressure  at  great  ^ptbs  of  the  sea  would 
appear  to  be  the  only  sufficiently  powerful  agent  to  drive  water  against  a 
high  adverse  temperature  gradient,  but  to  invoke  this  would  be  to  invite 
nice  distinctions  of  where  "magmatic"  water  begins  and  "meteoric"  water 
ends.  The  presence  or  absence  of  chlorine  is  not  a  conclusive  factor  one 
way  or  the  other,  because  the  physical  processes  of  infiltration  through 
porous  rock  and  of  distiUation  are  alike  of  such  a  kind  as  gradually  to 
leave  the  dissolved  salts  behind;  this  is  illustrated  >>v  the  fact  that  the 
bore-holes  yield  fresh  water  except  when  the  infiltration  is  very  rapid. 

To  ns,  therefore,  such  evidence  as  there  is  appears  to  indicate  that  the 
water  released  from  the  liquid  lava  when  it  reaches  the  surface  is  entitled 
to  be  considered  an  original  component  of  the  lava  vrith  as  much  right  n 
the  sulphur  or  the  carbon. 
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Inthodcotiok 
top0bra.psw  gxprbbbios 
Among  all  the  sedimentary  formations  in  Wyoming  there  is  probably 
none  more  perBietently  and  fully  exposed  along  its  outcrops  than  the 
early  Paleozoic  dolomite,  which  Barton*  has  called  the  Bighorn  limestone. 
So  massive  are  its  beds  that  in  many  places  it  seems  to  consist  of  but  a 
single  stratum  100  to  300  feet  thick.  By  breaking  off  along  vertical 
joints  the  formation  leaves  continuous  and  often  impassable  cliffs  where 
the  beds  are  not  highly  inclined,  or  rises  in  sharp  "hogback"  ridges  where 
the  dip  is  steep.  Other  Paleozoic  terranes,  snch  as  the  Madison  limestone 
and  the  Tensleep  sandstone,  make  cliffs  and  ridges,  but  none  so  uniform 
and  persistent  as  the  Bighorn  dolomite.    The  individuality  of  its  expo- 

*  Polillibed  by  p«niiI«iIon  of  tbe  Director  of  tbe  C.  S.  OeoIoglCBl  Burrer.  A  prellml- 
DBTT  dJtrat  of  tbia  paper  was  preseoted  at  the  meeting  ot  tbe  Oeolo^lcal  Bocletj  of 
America  at  New  Haven  In  December,  1812.  <8ee  Bnll.  Oeol.  Boc.  Am..  toI.  24,  1918,  p. 
IIB.) 

■  N.  H.  Darton :  Oeologr  ot  the  Btchorn  Uonntalns  of  WjomtDs.  V.  S.  Oeolostcal 
Snrve7,  ProfeaaloDal  Paper  Mo.  Bl,  1908. 
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sTtrea  is  such  that  by  one  sufficiently  acquaicted  with  ita  peculiarities  the 
outcrops  may  be  recognized  miles  away. 

DISTRIBVTlOtr 

In  the  type  locality,  on  the  east  slope  of  the  Bighorn  Bange,  the  Big- 
horn "limestone"  la  a  massive  hght-colored  dolomite  about  300  feet  thick. 
To  the  east,  in  the  Black  Hille  of  South  Dakota,  the  Whitewood  "lime- 
etone,"  first  described  by  Jaggar*.  and  afterward  4^  Dari^n  and  others, 
has  the  typical  characteristics  of  the  Bighorn  formatioD  and  contains  very 
similar  fossils.  Westward,  as  noted  by  Darton,*  the  dolomite  has  been 
recognized  in  the  Owl  Greek,  Wind  Bi»er,  Absaroka,  Qros  Ventre,  and 
Teton  ranges.  In  most  of  these  exposures  it  is  about  300  feet  thick, 
although  in  the  vicinity  of  the  Wind  Biver  basin  it  dwindles  to  150  and 
locally  even  to  less  than  100  feet.  It  disappears  entirely  in  southeastern 
Wyoming,  To  the  southwest,  however,  I  have  recognized  the  formation 
by  its  distinctly  lithologic  character  in  Labarge  Mountain,  40  miles  north 
of  Kemmerer,  Wyoming.  It  is  there  at  least  150  feet  thick  and  perhaps 
more.  In  the  northern  part  of  the  Wasatch  Bange  near  Brigham,  Utah, 
an  extremely  massive  white  dolomite  occupies  approximately  the  position 
of  the  Bighorn  and  has  many  of  its  characteristics.  It  is  several  hundred 
feet  thick,  but  has  not  yet  been  adequately  studied.  Published  descrip- 
tioos'  of  the  rocks  in  southwestern  Montana  and  Yellowstone  Park 
strongly  suggest  that  the  Bighorn  dolomite  is  represented  there  as  a  part 
of  the  Jefferson  limestone  of  Peale,  and  that  it  may  be  essentially  the 
equivalent  of  the  Jefferson  limestone  of  Hague,  Weed,  and  others.  Far- 
ther extensions  into  Colorado  on  the  south  are  discussed  by  Darton,*  and 
others  into  central  TTtah,  and  even  Nevada  on  the  west  might  be  sug- 
gested if  correlation  were  the  primary  purpose  of  this  paper. 


■T.  A.  Jassar,  Jr. :  EcoDomle  reiaurces  of  the  northern  Black  HltU,  V.  B.  O«ologlc>t 
Bnrrej,  Profeoalonal  Paper  No.  26,  1904,  p.  16. 

•N.  B.  Darton:  Flib  remains  In  OrdoTldan  rocka  In  BIghora  Uoiutalns,  Wyoming, 
with  A  Htumt  at  OrdOTicItu  geology  ol  the  Northwest,  Bali,  Geoi.  Soc,  Am  vol  IT 
IDoe.  pp.  S54-SB6. 

■  BaJraB,  IddlDgB,  and  Weed :  Descriptive  geologj'  of  TellowBlone  Park.  U.  8.  Oeo- 
liWtcal  Surver,  Monograpb  XXXII,  pt.  2,  ISOO :  Aliaaroka  Folio,  Oeologlca!  Atlaa  of  the 
Dnlted  Slates.  No.  S2,  IHSO ;  Yellowatooe  Pnrk  Folio.  ReoIOKlcal  AIIbb  of  the  United 
States  No.  30,  1S96, 

A.  C.  Peale:  Paleoiolc  section  at  Three  Forks.  Uoatana,  U.  S.  Geological  Survey 
Bull.  110.    1803. 

W.  H,  Weed  and  U  V.  PlraBOO  ;  Geology  of  Ca-tle  Mountain  MlnlLg  District.  V.  8. 
OeologlcBl  Snrvey,  Bull.  139,  1890:  Oeologj-  o(  Little  Rocky  Uountalne,  Jonrual  o( 
Geology,  vol.  It.  1898,  pp.  309-428. 

W.  H.  Weed ;  Geology  of  Uttle  Belt  MouDtalns,  Montana.  U.  8.  Geological  Buner 
20th  Ann.  RepL,  pt.  Ill,  1900,  pp.  28T-269. 

•Locdt. 
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QBOLOaia  AQB 

Eari;  etudents'  of  the  Wyoming  geologic  formations  ref^red  the  Big- 
horn dolomite  to  the  Niagaran  epoch  on  the  basis  of  a  few  corals,  such 
as  Salysites  catenvlatvs,  which  were  then  believed  to  indicate  Silurian 
age. 

In  connection  with  the  work  of  Darton  in  north-central  Wjoming 
Ulrioh*  has  studied  the  Bighorn  fauna,  meager  though  it  is,  and  has  con- 
cluded that  it  is  all  of  Ordovicion  age,  according  to  current  usage  by 
which  the  Bichmond  is  aaaigned  to  the  Ordovician  period,  but  that  several 
of  the  eastern  horizons,  including  the  Lower  Trenton  and  the  Bichmond, 
are  represented.  Other  collections  from  the  Wind  Biver,  6roe  Ventre, 
and  Teion  ranges  have  lately  been  submitted  by  me  to  Mr.  Ulrich  and  all 
have  been  referred  to  the  Ordovician. 

On  the  other  hand,  I  recently  found  in  the  Gros  Ventre  Bange,  in  rocks 
which  I  confidently  refer  to  the  Bighom,  a  small  collection  of  fossils  con- 
taining not  only  the  usual  corals  and  fragmentary  brachiopods  and  mol- 
luske,  but  also  several  species  of  trilobitee.  This  faunule  is  referred  to 
the  Bichmond  fauna  by  Mr.  Ulrich,  but  in  the  estimation  of  both  Dr. 
Kindle  and  Dr.  Stuart  Weller  it  is  of  Niagaran  age.  In  view  of  this 
apparent  conflict  of  evidence  and  the  disagreement  among  the  students 
of  the  faunas,  the  age  limite  of  the  Bighorn  must  for  the  present  be  con- 
sidered unsettled. 

Qkneral  Chabactebistics 

The  massive  ledges  and  the  huge  talus  blocks  which  in  most  cases  have 
fallen  from  them  generally  afford  plenty  of  opportunity  for  examining 
the  character  of  the  Bighorn  dolomite.  A  firet  inspection  is  sufficient  to 
impress  one  with  the  unusual  roughness  of  its  weathered  surface,  a  fea- 
ture which  has  been  repeatedly  described  by  Darton  and  otherB.  In  suc- 
cessive beds  there  is  considerable  variety  in  the  pattern,  as  an  inspection 
of  plates  29-33  will  eerve  to  show.  One  of  the  commonest  phases  in 
eastern  Wyoming  shows  a  network  of  raised  welts  about  half  an  inch  vide 
(see  plate  33  and  illustrations  in  Darton's  papers).  Many  other  ledges 
are  covered  with  roughly  conical  projections  which  have  waxy  dark  brown 
points,  contrasting  with  the  dense  cream-colored  matrix  surroanding 
them.    Again,  the  surface  may  be  covered  with  branching  stalklike  fea- 

'OrMUl  St  John  :  Barden  Survey.     Ann.  R«pt,  vaL  il.  18TT,  uid  vol.  ill,  18r& 
J.  B.  COQiatocfc:  EipedltloD  to  Rock;  Uoaatelni  nai  YellowBtoDe  Puk,  V.  8.  Armr 
BnslDeen,  1873. 

*N.  H.  Darton:  Oeolog?  of  tbe  BlgborD  Houutalna  ot  VV;omliiK.  V.  B.  Geological 
8arT«7.  Proteaalonal  Paper  No.  Bl,  1906,  pp.  28-29. 
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turee  vhich  weather  out  in  strong  relief  (plate  31).  Somewhat  less 
common  surface  features  are  disk-shaped  bodies  of  porcelain-like  material, 
emboflBed  on  a  coarser  ground-masa  (plate  33,  figure  Z).  In  the  lower 
part  of  the  formation,  especially  in  the  Teton  and  Gros  Ventre  ranges, 
there  are  beda  which  show  way;  horizontal  lamination,  more  or  less  sug- 
gestive of  Btromatoporoid  growths. 

By  examining  the  weathered  surface  (plate  30)  aa  it  generally  appears, 
with  its  sharp  projecting  points  or  raised  welts  one-half  inch  or  more  in 
breadth,  one  may  see  that  the  projections  and  ridges  correspond  to  a 
slightly  darker  material  within  the  rock  itself.  This  dark  material  is  dis- 
tributed in  sinuous  upright  or  prostrate  rods  or  corrugated  sheets  or  in 
thick  branching  stemlike  structures.  In  many  specimens  these  darker 
structures  are  dull  smoky  gray,  while  the  surrounding  material  is  cream- 
colored  or  white.  It  is  also  a  noteworthy  fact  that  the  texture  of  the 
darker  parte  is  Very  dense,  while  that  of  the  lighter  parts  is  coarser,  as 
well  as  more  porous.  It  ia  important  to  remark,  however,  that  all  of  these 
bodies  have  vague,  indefinite  outlines.  The  dark  structures  are  nearly 
uniform  in  texture  and  composition,  but  the  matrix  is  a  medley  of  par- 
ticles of  various  sizes,  including  bits  of  recognizable  fossils. 

The  prevailing  color  of  the  Bighorn  outcrops  is  cream-colored  to  gray- 
ish white.  Some  beds  are  more  or  less  mottled  with  grayish  brown  and 
in  places  the  rock  is  slightly  stained  pink  by  oxides  of  iron.  Freshly 
broken  surfaces  are  generally  more  distinctly  gray  and  are  obscurely 
mottled  with  darker  gray,  as  noted  above.  Dark  brown  and  blackish  dolo- 
mite, which  are  common  in  the  overlying  Devonian  strata,  are  conspicu- 
ously absent  from  the  Bighorn.  Colors  also  aid  in  distinguishing  it  from 
the  underlying  Cambrian  beds,  because  it  lacks  the  red  and  ocherous 
lenses  and  stripes  which  are  characteristic  of  the  older  limestones  in 
Wyoming, 

When  freshly  broken,  the  Bighorn  rock  usually  emits  a  distinct  but  not 
strong  odor  of  petroleum  or  hydrogen  sulphide,  presumably  due  to  re- 
sidual material  from  the  decay  of  organic  tissues. 

Unlike  many  dolomites,  the  Bighoni  contains  hut  little  siliceous  mat-    ' 
ter.     In  the  lower  layers  there  are  generally  thin,  irregular  lenses  and 
laminae  of  white  or  cream-colored  chert,  and  locally  a  few  round  chert 
nodules  have  been  seen  at  higher  horizons. 

Of  the  chemical  analyses  which  have  been  made  from  the  Bighorn  for- 
mation all  show  a  comparatively  pure  dolomite.  The  following  table 
gives  analyses  made  in  the  laboratory  of  the  United  States  Geological 
Survey: 
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Partial  Analyiei  of  DolomHta  from  the  Btokom  Formation 

1  2            3  4             S             6  7 

810, 2.80  -O 

AIJO,  and  VejO, 1.50 22      trace     .0 

Insoluble     In    dilute 

HCl  (3.80)  4.67          .53  .35          .42        1.9»  .0 

CaO 29.35  30.14      31.17  80.62      30.48      80.34  30.4 

MgO 20.1B  18.41      20.76  20.32      20.8S      20.10  21.9 

CO. 46.00  44.24      47.75*  46.92»    47. W»    4«.80»  47.7 

Undetermined  1.06  2.54*        .00*  1.7»*      1.20*      1.32*  .0 

Total 100.00    100.00    100.43    100.00    100.00    100.06    100.00 

1.  MasBlTe  cream-colored  dolomite,  BaU  Lake,  Wind  Biver  Rftnge.    Analrat. 

J.  O.  Falrchlld. 

2.  Tbin-bedded  gray  dolomite  of  foBsUiferons  zone,  Doatdetop  Peak,  Onw  Voitre 

Range.    Analyst,  C.  Palmer. 

3.  UaselTe  cream-colored  dolomite,  Labarge  Motmtain,  Green  Blver  Valley. 

Analyst,  J.  Q.  Falrcblld. 

4.  Massive  gray  dolomite,  Shoal  CreA    (upper  falls),  Qroa  Ventre  Bange:. 

Analyst,  J.  G.  ralrchlld. 

5.  Massive  gray  mottled  dolomite,  Lelgb  Greek,  Teton  Baoge,    Analyst,  W.  C. 

Wbeeler. 
0.  Average  of  analyses,  1-6. 
7.  Ideal  composition  of  dolomite. 

Under  the  microecope  the  rook  appears  to  consist  almost  entirely  of 
carbonate  crystals,  which,  of  course,  must  either  be  those  of  the  mineral 
dolomite  or  a  mixture  of  cah-ite  and  magnesit«.  Miuroeliemical  tests  indi- 
cate dolomite  only.  In  a  single  instance  a  luinute  cavity  was  found  to  be 
filled  with  chalcedonic  quartz,  and  in  some  Rpecimens  the  interstices  be- 
tween the  dolomite  crystals  contain  dustlike  particles  of  red  ferruginous 
matter  which  gives  the  rock  the  pinkish  tinge  occasionally  noted.  It  is 
significant  that  in  all  the  specimens  examined  under  the  microscope  not  a 
single  sand  grain  has  been  seen,  and  particles  of  any  kind,  other  than  the 
carbonates,  are  very  rare. 

Texturally  the  rock  shows  considerable  variety;  some  parts  are  fine 
grained,  some  moderately  coarse,  and  still  others  contain  rather  large 
particles  imbedded  in  a  fine-grained  mass.  The  darker  parts  consist  of 
very  small,  tightly  interlocking  crystals  of  dolomite  averaging  about  .05 
millimeter  in  diameter.  The  lighter  portions  of  the  rock  which  incloee 
the  dark  bodies  are  decidedly  coarser  and  also  more  variable  in  texture. 
The  av.erage  diameter  of  the  crystals  here  is  about  .10  to  .16  millimeter, 
but  many  are  less  than  .05  millimeter  and  others  more  than  .3  milli- 
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meter  thick.  In  these  coarser-grained  portions  there  are  also  roimdish 
bodies  and  others  of  more  or  less  irregular  shape,  most  of  which  consist 
of  a  single  shapelesB  crystal  of  dolomite  of  abnormal  size.  They  were 
probably  segments  of  crinoid  or  cystid  columns  and  bits  of  shells;  but 
^■e^y  few  are  now  distinctly  recognizable,  because  their  outlines  and  inter- 
nal structures  have  been  obliterated  by  recrystallization.  It  i3  significant 
that  these  bits  of  fossils  occur  only  in  the  coarse-grained  matrix  and 
not  in  the  dark  bodies. 

That  the  Bigbom  dolomite  contains  fossils  is  well  known,  for  traces  of 
them  may  be  observed  on  the  weathered  outcrops  of  almost  any  of  the 
beds,  although  almost  never  well  preserved  and  generally  scarce.  The 
commooer  kinds  are  such  corals  as  Streptelasma,  Salysites,  and  Favo- 
sitesj  crinoid  or  cystid  segments  and  unrecognisable  brachiopods.  These 
fossils  are  very  rarely  visible  on  freshly  broken  surfaces,  and  they  appear 
on  weathered  faces  only  by  virtue  of  the  fact  that  they  consist  of  large 
crystals  which  are  less  rapidly  dissolved  than  the  finer  grains. 

At  both  top  and  bottom  the  Bighorn  is  generally  limited  by  discon- 
fonnities — irregular  cavernous  contacts  along  which  the  dolomite  is  ab- 
ruptly set  off  from  the  adjacent  formations.  In  some  exposures  these 
contacts  are  marked  by  fragmental  material  apparently  derived  from  the 
subjacent  terrane  and  imbedded  in  a  dolomite  matrix.  Generally  the 
fragments  are  not  distinctly  water-worn  and  there  is  a  conspicuous  ab- 
sence of  quartz  sand.  At  various  horizons  within  the  formation  thin 
cross-bedded  layers  of  cream-colored  calcarenyte*  occur,  now  somewhat 
altered  by  crystallization.  These  beds,  evidently  affi'cled  by  currents,  are 
noteworthy  because  they  resemble  the  porous  cream-colored  matrix  of 
many  of  the  more  massive  beds.  Even  in  the  calcarenyte  the  microscope 
shows  no  foreign  matter  whatever. 

Interpretation 

08flBItJ.L  aiONIFICAycB 

It  is  doubtless  unnecessary  to  argue  that  the  Bighorn  dolomite  is  ma- 
rine. If  any  specific  evidence  were  required,  the  wide  distribution  of 
corals  throughout  its  mass  would  be  sufficient.'"  That  it  also  represent" 
deposition  far  from  land  is  strongly  SLggested  by  the  absence  of  recog- 
oizable  clastic  debris.  It  could  hardly  be  purer  if  it  had  been  deposited 
in  mid-ocean. 

■A  rock  conalBtlDS  of  Handlike  calrorrous  particles  c«nieiited  (Grabau). 

1*  Wellrr  hu  receotlT  called  attention  to  (be  fact  tbat  the  fosslli  In  most  doLomltei. 
mcli  aa  Uie  Niagara,  Galena,  and  Knoi  of  tbe  Baatera  Btatea,  ace  eMentiallJ  like  tbose 
of  oidln«r7  nUuitw  UmeitonM.    (Bull.  Geol.  Soc.  Am.,  vol.  22,  1611,  p.  281.) 
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The  questioD  &b  to  depth  of  water  is  lees  readily  answered.  The  preva- 
leoce  of  corals  suggests  shallov  or  at  least  moderate  depths,  but  the  evi- 
dence loses  something  of  its  cogency  when  we  consider  that  the  predomi- 
aaQt  corals  are  of  the  solitary  types,  or  such  compound  forms  as  grow  in 
small  isolated  colonies  rather  than  in  reefs.  If,  as  suggested  in  later 
pages,  the  peculiar  structures  of  the  Bighorn  dolomite  have  been  built  by 
marine  algs  of  the  bank-forming  habit,  then  we  have  some  reason  to 
think  that  the  depth  of  the  sea  was  less  than*I20  meters.  The  modem 
colonial  algse  have  a  greater  bathymetric  range  tlian  reef  corals,  but  livf 
only  within  the  Eone  of  effective  light  transraissioa.  The  occasional  beds 
of  croes-laminated  cakarenyte  seem  to  show  plainly  the  action  of  cur- 
rents strong  enough  to  move  and  assort  sandlike  material.  This  also 
indicates  a  depth  of  l^s  than  100  meters.  Taken  together  these  con- 
siderations seem  to  justify  the  inference  that  the  Bighorn  dolomite  wss 
deposited  in  continental  rather  than  abysmal  waters. 

The  conditions  of  temperature  and  salinity  and  the  character  of  the 
marine  solution  can  hardly  be  discussed  with  profit  under  present  circum- 
stances, although  they  were  doubtless  of  the  highest  importance  in  deter- 
mining the  character  of  the  formation. 

OJtlOIS  OF  TBB  STROOTOBBB 

The  ill-defined  but  none  the  less  existent  branching  structures  with 
which  most  layers  of  the  Bighorn  dolomite  are  filled,  and  which  eipress 
themselves  on  freshly  broken  surfaces  as  vague  color-mottling  and  on 
weathered  outcrops  as  alternating  pits  end  ridges,  have  never  been  satis- 
factorily explained.  Weed"  notes  that  the  darker  portions  owe  their 
color  and  fetid  odor  to  nitrogenous  matter,  but  makes  no  further  sugges- 
tion. Darton"  ascribes  the  peculiarities  of  the  weathered  surface  tn  a 
network  of  siliceous  matter  imbedded  in  the  rock.    To  quote : 

"Tbe  massive  liuiestoue  wblch  constitutes  tbe  greater  part  oT  tlie  foruiutiou 
in  a  rock  usually  of  Ilgbt  buS  color,  somewhat  darker  when  weatliered,  flIW 
with  a  coarse  mat  or  netnork  at  Irregular,  siliceous  masses,  luostly  from  one-. 
half  to  one  inch  In  diameter.  On  weathering,  this  slllceouB  material  ttanilH 
out  a  balf  Inch  or  more  on  the  rock  surface  as  a  ragged  network,  tbe  purer 
rock  between  having  be^i  dissolved.  .  .  .  This  feature  and  the  very  mas 
sive  bedding  are  characteristic." 

The  origin  of  the  supposed  siliceous  network  is  not  discussed.    As  a  whole 
Barton's  explanation  seems  to  be  untenable,  because  the  chemical  analyses 

"W.  H.  Weed:  GeoloBT  of  the  Little  Belt  HoUDtSlns.  Uontana.  D.  8.  OeolojKil 
Banty,  20tb  Ann.  Kept,  pt  III,  1600.  pp.  271.481. 

"  N.  H.  Darton :  FIsb  remalni  In  OrdoTlcIui  rocki  In  Blgbom  HotUltalD*.  WjomlW 
Bull.  0«0l.  BOC  An.,  vol.  IT,  1S06,  pp.  (Ml-e«e. 
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(given  on  page  612)  show  that  the  characteriBtic  rough  weathering  dolo- 
mite from  eereral  widely  separated  localities  is  a  relatively  pure  rock  con- 
taining in  no  case  more  than  3^^  per  cent  of  difBcultly  soluble  matter, 
^tich  ae  silica,  and  in  some  instfincees  hardly  a  trace.  Moreover,  thin 
sections  when  examined  nnder  the  microscope  would  quickly  show  any 
network  of  siliceous  material  Mich  as  Daiton  supposed  to  be  the  cause. 
It  seems  to  be  true,  however,  that  the  pitted  and  ribbed  surfaces  are  due 
to  differential  weathering,  «lthoiigh  the  latter  has  probably  been  induced 
by  differences  in  texture  and  porosity  rather  than  in  chemical  composi- 
tion. The  very  dense,  fine-grained  parts  exclude  dissolving  solutions  and 
by  their  strong  internal  cohesion  resist  the  abrasive  action  of  the  wind — 
vbich  in  Wyoming  is  a  major  factor  in  rock  wastage — ^while  the  more 
porous,  coaiwr-grained  cement  more  readily  admits  carbonated  waters 
and  ite  friable  nature  renders  it  more  easily  abradable.  Etching  tests 
with  hydrochloric  acid  on  polished  surfaces  of  typical  specimens  of  the 
rock  show  that  the  fine-grained  parts  are  attacked  much  less  rapidly  than 
the  coarser  parts.  After  several  hours  the  process  actually  produced  a 
surface  on  which  the  dark  dense  bodies  stood  out  with  a  relief  of  about 
half  a  millimeter.  We  may  now  seek  an  explanation  of  the  observed  tez- 
tutal  differences. 

In  the  absence  of  definitely  recognizable  organic  structures,  there  may 
be  reasonable  doiibt  a^  to  whether  the  branching,  ill-defined  masses  are 
really  of  organic  origin  or  not.  The  fact  pointed  out  by  Weed,  that  the 
problematical  bodies  are  darkened  by  nitrogenous  matter  wiiich  is  largely 
absent  from  the  surrounding  matrix,  strongly  suggests  that  the  organic 
material  is  residual  and  once  formed  a  part  of  the  bodies  themselves.  A 
still  more  suggestive  fact  is  the  dichotomous  habit  of  branching,  which  is 
repeated  a3  infinitum  among  these  structures  in  successive  outcrops.  This 
and  other  matters  of  form  are  more  or  less  significant  of  colonial  organ- 
isms, and  particularly  of  certain  types  of  corals  and  calcareous  algse.  It 
is  an  unfortunate  fact,  however,  that  no  trace  of  definite  internal  structure 
□ow  remains. 

If  the  growths  are  in  fact  organic,  what  kind  of  organisms  do  they 
represent?  The  great  branching  intergrown  masses  suggest  that  inquiry 
be  limited  to  the  plantiike  colonial  types — among  the  animals  the  sponges, 
corals,  and  bryozoans,  and  among  the  plants  some  of  the  calcareous  algie. 
If  they  were  siliceous  sponges,  we  might  reasonably  expect  to  find  spicules 
or  a  spicular  network  of  chalcedonic  quartz.  The  calcareous  sponges  have 
the  requisite  chemical  composition,  but  none  that  are  known,  either  in  the 
modem  or  in  the  fossil  state,  seem  to  resemble  in  form  the  dark  bodies  in 
the  Bighorn  dolomite,  nor  do  they  now  build  massive  banks  comparable  in 
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their  vast  extent  to  those  of  the  problematical  orgaiuBm  of  the  Bighorn. 
It  is  difficult  to  believe  that  the  obscure  growths  are  coralline,  inasmuch 
as  the  rock  contains  many  corals  and  in  all  of  them  the  characteristic 
structures  are  still  distinct,  although  now  seriously  blurred  by  recrystalli- 
zation.  These  more  or  less  well-preserved  corals  have  been  found  im- 
bedded in  the  cement  among  the  problematical  growths  throughout  the 
Bighorn  formation.  The  appearance  and  state  of  preservation  of  the 
coral  structures  is  notably  unlike  that  of  the  dark  problematical  bodies 
which  are  the  subject  of  this  inquiry.  The  bryozoans  also  seem  unsuited 
to  fit  the  demands  of  the  case,  partly  because  iu  most  rocks  they  are  pre- 
served with  more  or  less  well-defined  structural  details  and  partly  also 
because  they  are  usually  small,  delicate,  and  measurably  independent. 
whereas  the  Bighorn  growths  are  thick,  coarse  bodies  and  evidently  ex- 
isted in  enormous  masses.  On  the  whole  no  group  of  animals  seems  fitted 
to  serve  the  needs  of  the  case  in  a  satisfactory  way,  although  they  are  not 
positively  excluded  by  the  available  evidence. 

An  examination  uf  the  calcareous  algEe  from  the  same  viewpoint  leadf 
to  more  favorable  results.  Although  the  majority  of  marine  algs  contain 
no  hard  parts  whatever,  there  are  many  which  are  either  incruated  with 
lime  carbonate  or  secrete  solid  stony  masses  comparable  to  those  made  by 
the  reef-building  corals.  Among  the  modem  calcareous  algse  a  few  con- 
tain lime  carbonate  in  the  form  of  aragonite,  whereas  in  the  others  the 
mineral  is  calcite.  Although  these  two  minerals  are  apparently  identical 
in  chemical  composition,  they  have  sufficiently  different  physical  proper- 
ties that  it  becomes  important  to  discriminate  between  them.  Thus  ara- 
gonite is  nioi-e  soluble  than  calcite,  is  more  readily  altered,  has  a  higher 
specific  gravity,  poorer  cleavage,  and  a  different  electrical  potential. 

According  to  Engler  and  Frantl,'^  the  calcareous  atgffi  belong  princi- 
pally to  three  great  classes:  the  blue-green  algie  (Chlorophyceff),  thf 
Stoneworts  (Characete),  and  the  red  algte  {Rhodophycea) . 

Among  the  blue-green  algffi  several  genera  of  the  Daspcladacea-  and 
Codiacea:  have  more  or  less  calcified  or  incrusted  tlialli.  The  typical 
genus  Codium  assumes  a  cylindrical  stalklike  form  with  many  branches, 
but  is  not  calcilied.  In  the  Bighorn  dolomite  there  are  branching  growthi 
which  bear  an  external  resemblance  to  Codium.  although  there  is  no  posi- 
tive evidence  that  the  two  are  related.  Halimeda,  one  of  the  best  known 
and  most  abundant  of  the  calcified  blue-green  algss  in  modem  seas,  con- 
sists of  loosely  articulated  fan-shaped  cepnents  incrusted  with  aragonite. 
No  forms  observed  in  the  Bighorn  dolomite  are  directly  suggestive  of  this 
genus.    Indeed  it  is  not  clear  that  after  the  decomposition  of  the  proto- 

» Dii  Natarlleben  FSatuenfunUlMi,  AU  1,  AbteUonc  2,  18&7. 
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plaamic  thallus  the  calcareous  matter  would  preserve  ita  distinctive  form; 
it  might  rather  disintegrate  and  settle  as  a  limy  mad  snch  as  the  stone- 
worts  {Chora)  produce. 

The  lime-secreting  types  of  the  red  algK  nearly  all  belong  to  the  well 
known  family  of  "corallines"  {CoratUnacece),  often  called  "nuUipores,"  ' 
which  form  stony  skeletons  of  ealcite  in  great  variety  of  form  and  size- 
Althongh  most  abundant  in  the  tropics,  they  are  widely  distributed 
through  all  modem  seaa  and  range  even  into  polar  waters.  Kjellman'* 
reports  that  "numeroufi  large  banks  of  algte  are  to  be  found  ill  the  arctic 
as  well  as  in  the  temperate  zone,  although  the  number  of  species  is  less. 
Thua  on  the  coast  of  Spitzbergen  and  Novaya  Zemlya  Lithoihamnwn 
giaciaie  covers  the  bottom  in  deep  layers  for  several  miles,  and  altogether 
det«nniDes  the  general  aspect  of  the  vegetation  wherever  it  occurs.  In 
the  formation  of  future  strata  of  the  earth's  crust  in  this  region  it  must 
become  of  essential  importance."  Again  Foslie  states:  "North  of  the 
polM  circle  on  the  coast  of  Norway  banks  have  been  met  with  which  cover 
the  bottom  for  several  miles,  and  the  plants  appear  in  immense  masses, 
frequently  representing  only  one  species,"  With  the  corals  they  often 
build  massive  reefs  in  shallow  water,  as  observed  by  Howe"  on  the  coast 
of  Porto  Bico,  but  according  to  Berthold"  they  are  at  their  best  in  some- 
what deeper  water  down  to  100  to  120  meters  (300  to  360  feet).  There 
they  grow  in  dense  array,  covering  the  bottom  of  the  sea  over  considerable 
areas. 

Coroilina,  one  of  the  best  known  genera,  assumes  the  form  of  rather 
delicate  jointed  filaments,  with  long  slender  branches.  There  is  nothing 
about  it  resembling  the  structures  which  characterize  the  Bighorn  dolo- 
mite. The  genus  Lithothamnion  and  several  others  form  crusts  on  the 
anrfaces  of  shells,  corals,  or  rocks,  and  there  are  others  which  grow  in 
isolated  masses  of  various  shapes.  In  the  genus  Lithophyllum  several  of 
the  known  species  are  particularly  suggestive  in  this  connection  because 
they  grow  upward  in  the  form  of  corrugated  masses  as  solid  and  stony  as 
those  of  any  coral.  The  colonies  are  traversed  by  parallel  sinuous  tubes, 
about  half  an  inch  in  diameter,  and  these  tubes  become  in  time  filled  with 
miscellaneous  calcareous  debris  from  the  many  kinds  of  organisms  that 
inhabit  leefs.  Specimens  of  Lithophyllum  nntiUarum  (see  plate  34) 
recently  collected  by  Dr.  Marshall  A,  Howe,  of  the  New  York  Botanical 
Garden,  exhibit  forms  and  a  habit  of  growth  which  strongly  surest,  when 
due  allowance  is  made  for  complete  cementation  and  subsequent  altera- 

>*  QnoUd  bT  H.  Foslie  Id  "FauDa  and  0«osrapti7  «f  Qw  HaldlTe  ud  Laceadlve  arebl- 
pelMO*,"  br  OardDer.  1903.  p.  4B2. 
■It.  A.  Howe:  BnlletlD  Torrar  Botanical  Clnb,  *0l.  33.  1608,  pp.  CTT-B80. 
■•  Quoted  by  A.  AbimIs:  "Three  CrDliea  of  the  Blake,"  vol.  1,  p.  312. 
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ttOQ,  the  structures  we  now  find. in  the  Bighorn  dolomite.  Even  the  little 
winding  tubes  with  which  the  Bighorn  growths  are  perforated  here  and 
there  suggest  the  galleries  of  boring  organisms  which  today  rarely  leave 
reef  structures  of  any  kind  undamaged.  Also  the  variety  of  forms  risible 
'  in  the  Bighorn  growths  seems  to  parallel  the  wealth  of  species  and  fades 
of  the  modem  corallines  as  they  have  been  observed  in  tropical  seas- 

Since  the  positive  identification  of  algte  depends  almost  entirely  on  the 
recognition  of  their  delicate,  cellular  structures  under  the  microscope,  it 
is  unlikely  that  the  problematical  growths  of  the  Bighorn  terrane  can  ever 
be  satisfactorily  recognized,  inasmuch  as  nearly  all  traces  of  original  or- 
ganic structures  have  been  obliterated.  The  cells  of  the  modem  alg^, 
such  as  Lithophyllum,  average  about  .01  millimeter  in  diameter,  but  the 
Bighorn  rock  is  crystallized  in  grains  .05  to  .10  millimeter  in  diameter. 
Under  these  circunstancee  we  ought  not  to  expect  to  SjoA  the  algal  cells 
preserved. 

This  disappearance  of  minute  structures,  one  of  the  inevitable  results  of 
the  process  of  crystallization,  may  well  explain  the  fact  that  marine  algte, 
although  often  reported  from  Paleozoic  limestones,  have  in  perhaps  no 
instance  been  satisfactorily  identified  from  internal  cell  characters.  As  a 
lowly  and  hence  doubtless  primitive  group  the  antiquity  of  the  sigsB  may 
be  supposed  to  be  great.  We  have  therefore  some  a  priori  reason  to  be- 
lieve that  they  were  well  differentiated  and  abundant  in  very  remote  geo- 
logical periods,  and  also  that  the  modem  families  are  of  relatively  ancient 
linea^. 

These  facta  have  been  discussed  in  some  detail  in  order  to  show  that  the 
modem  coralline  algas  seem  to  fill  the  requirements  of  the  case  for  the 
Bighorn  dolomite  in  that  they  are  varied  in  form,  grow  in  banks  of  great 
extent  and  generally  of  singular  uniformity,  and  that  they  are  less  subject 
to  limitations  of  depth  and  temperature  than  the  corels.  Possible  objec- 
tions on  the  ground  of  the  absence  of  cellular  stnicture  or  deficient  pale- 
ontological  evidence  that  algte  were  abundant  early  in  the  Paleozoic  era 
seem  to  be  met  by  satisfactory  explanations.  Therefore  it  appears  to  me 
probable  that  the  peculiar  structures  of  the  Bighom  dolomite  are  of 
organic  origin,  and  that  the  more  massive  coralline  algse,  such  as  the 
modem  genus  Lithophyllum,  may  fairly  be  regarded  as  competent  to 
make  such  structures,  if  indeed  they  are  not  the  only  organisms  which 
conld  have  dcme  so. 

WBT  TBB  ROCK  IB  A  DOLOMITS 

The  magnesian  composition  of  snch  formations  as  the  Bighorn  dolomite 
has  apparently  not  yet  been  explained  in  such  a  m^tinyr  as  to  be  fully 
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convincing.  At  least  five  poasible  hypotheaee  may  be  auggested  as  worthy 
of  coneideratioQ  in  reference  to  the  Bighorn:  (a)  erOBion  of  preexisting 
dolomite  rock;  (6)  direct  chemical  precipitation  of  the  mineral  dolomite; 
(c)  formation  directly  by  organisms  secreting  dolomitic  shells;  (d)  depo- 
eitioD,  either  organically  or  chemically,  as  lime  carbonate,  but  prt^ress- 
ively  altered  to  dolomite  by  magnesian  Bolutione  while  yet  unburied;  {«) 
dolomitization  of  consolidated  limestone  long  after  deposition  by  circulat- 
ing underground  waters.  It  must  also  be  recognized  as  a  possibility  that 
the  true  origin  of  the  Bighorn  formation  involved  a  more  or  less  complex 
combination  of  two  or  more  of  these  processes. 

The  first  suggestion  may  be  dismissed  with  scant  attention.  Although 
the  few  layers  of  calcarenyte  are  made  of  fragmental  material  and  show 
the  action  of  currents,  the  prevailing  beds  of  the  formation  do  not.  Still 
more  convincing  is  the  purity  of  the  dolomite.  If  of  fragmental  origin, 
it  would  have  to  be  derived  from  land-masses  composed  entirely  of  dolo- 
mite; but  for  so  widespread  and  thick  a  terrane  this  seems  incredible. 

There  seems  to  be  but  little  reason  to  think  that  the  Bighorn  dolomite 
has  been  produced  by  the  direct  and  initial  precipitation  of  the  double 
carbonate  through  the  partial  evaporation  of  sea-water,  although  some 
dolomites  may  have  originated  in  that  manner.  The  whole  terrane  is 
evidently  marine  in  origin,  and  it  entirely  lacks  the  characteristics  of 
calcareous  deposits  produced  by  the  desiccation  of  inclosed  seas.  It  seems 
to  be  true  that  dolomite  has  not  been  found  in  course  of  precipitation  on 
any  part  of  the  present  sea-bottom,  nor  have  chemists  thus  far  devised,  so 
far  as  I  have  learned,  any  laboratory  conditions  competent  to  cause  the 
precipitation  of  dolomite  and  at  the  same  time  Likely  to  be  realized  on  a 
large  scale  in  oceanic  waters.  These  considerations  lead  me  to  seek  some 
other  mode  of  formation  as  more  ppobhble. 

Under  the  third  hypothesis  it  may  be  supposed  that  certain  early  Paleo- 
zoic organisms  normally  constituted  their  shells  of  dolomite  rather  than 
of  lime  carbonate,  and  that  the  Bighorn  rock  originally  consisted  of  such 
remains.  -  Since  no  organisms  are  now  known  to  secrete  dolomite,  this  sug- 
gestion may  appear  chimerical  to  the  reader.  But  it  must  be  admitted 
that  many  calcareous  creatures  of  the  sea  now  contain  small  amounts  of 
magnesium  carbonate:  corals,  0.1  to  11.0  per  cent  and  coralline  algffi, 
1.95  to  13.19  per  cent.'^  It  is  conceivable,  although  perhaps  unlikely, 
that  in  early  geologic  periods  organisms  may  hare  used  a  much  larger  pro- 
portion of  magoesium  in  their  shells.  At  times  of  greatly  dimini^ed 
lands,  as  in  the  Middle  Ordorician,  the  terrigenous  supply  of  lime  salts 

"F.  W.  aaAe:  D&U  ot  QeocllemlBtr;.    TI.  8.  Geoloflca]  Barvtj,  Boll.  491,  ISII,  p. 
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must  have  been  largely  curtailed,  and  sioce  the  ocean  even  today  carries 
but  a  Bmal]  vorldng  balance  of  lime,  conetantly  being  drawn  on  by  orgaa- 
iBins,  it  ia  not  entirely  improbable  that  in  such  expanded  epicontinental 
seas  orfranismB  were  unable  to  obtain  eufficient  lime  carbonate  for  their 
needs.  Daly'*  argues  that  in  the  early  eras  lime  must  have  been  practi- 
cally absent  from  the  sea-water,  because  of  the  action  of  alkali  carbonatw 
in  removing  it  from  solution;  but  he  concludes  that  on  this  account  the 
organisms  were  unable  to  provide  themselves  with  calcareous  hard  parte — 
on  the  assumption  that  they  could  use  no  other  salt.  It  is  a  fact  long 
known  to  agricultural  chemists  that  most  land  plants  require  potassium 
salts  in  their  metabolism  and  can  not  use  sodium  compounds  as  substi- 
tutes therefor.  There  is  good  reason"  to  believe  that  marine  plants,  on 
the  contrary,  demand  sodium.  It  has  been  suggested  that  this  fact  merely 
reflects  a  necessary  adaptation  to  environment,  for  potassium  is  the  alkali 
that  remains  in  largest  quantity  in  the  soils  which  accumulate  on  land, 
and  sodium  is  by  far  the  most  abundant  alkali  in  the  sea.  Following  out 
this  line  of  thought,  it  would  not  seem  strange  if  marine  organisms  vere 
able  to  make  shift  with  dolomite  as  skeletal  material  when  the  supply  of 
calcium  was  inadequate.  Nevertheless,  the  invariable  deficiency  of  mag- 
nesia in  existing  shells  leads  me  to  regard  this  third  hypothesis  with  very 
little  favor. 

Reserving  the  fourth  suggestion  for  more  extended  examination,  we 
may  next  consider  whether  the  Bighorn  strata  were  deposited  as  limestone 
and  afterward  converted  into  dolomite  by  the  action  of  percolating  ocder- 
ground  Haters,  of  which  the  pervasive  effects  on  rocks  in  general  are  well 
understood.  There  are  apparently  two  methods  by  which  this  change 
could  be  accomplished:  (a)  by  leaching  out  lime  and  (b)  by  replacing 
lime  with  magnesia. 

Tf  this  change  had  been  brought  about  solely  by  the  leaching  of  lime 
carbonate  from  a  slightly  magnesian  limestone,  thus  increasing  the  rela- 
tive proportion  of  magnesia,  we  should  now  find  caverns,  either  empty  or 
refilled,  disturbed  beds  due  to  slumping,  and  other  evidences  of  great  re- 
duction in  volume.  All  these  are  absent.  If  it  iuvolved  only  metasoma- 
tism (the  substitution  of  magnesia  for  lime,  ion  by  ion),  the  compactness 
of  the  rock  is  explicable,  for  the  dolomitization  of  calcite  in  this  way 
should  cause  a  reduction  in  volume  of  the  mineral  grains  or,  in  other 
words,  pore  space,  of  only  about  4.7  per  cent.  A  careful  determination  of 
the  porosity  of  a  typical  specimen  of  the  Bighorn  dolomite  has  been  mode 

"R.  A.  Dal7 ;  Llmekna  ocpua  of  [)re-rgmbTl>D  (Ime.     Am.  Jtmr.  Scl..  4tb  ser..  TOl.  2S, 
190T.  p.  109. 
»  W.  J.  T.  Oalerhoat :  Planta  which  mjalre  aodlum.    Botanical  OuMtc,  toL  (It,  tSlS, 
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for  me  by  Mr.  W.  J.  Mead,*'  and  the  result  arrived  at  is  1.31  per  cent. 
This  shoWB  a  porosity  about  one-fourth  as  great  as  the  average  of  five 
determinstions  from  the  Niagara  dolomite  of  Wisconsin,"  almost  the 
same  as  that  of  a  typical  dense  limestone  from  the  Trenton  (Platteville) 
formation  of  southern  Wisconsin,  and  only  about  four  times  as  great  f^ 
the  average  porosity  of  such  extremely  compact  rocks  as  granite,  rhyolite, 
and  diabase.  This  comparison  spems  to  preclude  the  possibility  that  the 
formation  has  been  subject  to  leaching  action  on  a  considerable  scale ;  and 
although  the  discrepancy  between  1..31  and  4.7  is  not  great,  it  affords 
some  ground  for  suspecting  that  the  dolomite  is  not  a  result  of  the  sub- 
stitution of  magnesium  for  half  of  the  calcium  in  a  normal  limestone.  1 
may  further  point  out  that  the  general  question  of  the  origin  of  dolomites 
by  the  alteration  of  limestone  has  been  recently  discussed  by  Steidtmann,'* 
with  an  adverse  conclusion.  A  cogent  objection  to  this  hypothesis,  pointed 
out  by  Steidtmann  and  others,  applies  well  to  the  Bighorn  and  other  dolo- 
mites of  the  Paleozoic  section  in  Wyoming;  they  are  underlain  by  and  to 
some  extent  even  interetratified  with  beds  of  pure  limestone.  The  sharp 
boundaries  of  these  unlike  beds  of  pure  limeatone  ".  .  seem  to  be 
sufficient  proof  that  the  magnesia  has  not  traveled  appreciably  through 
the  mass  of  strata  since  it  was  originally  deposited  in  the  sediments." 
The  same  inference  is  to  be  made  from  two  thin  sections  which  show 
parts  of  corals.  In  both  cases  the  coral  thecfe  and  septa  are  wholly  dolo- 
mitized,  but  some  of  the  chambers  are  lined  with  calcite  crystals.  These 
rug  fillings  are  clearly  secondan*,  and  the  relations  indicate  that  calcite 
has  been  deposited  from  solution  while  the  dolomite  remained  fixed. 

The  remaining  (fourth)  suggestion  to  be  examined  is  that  the  material 
of  the  Bighorn  dolomite  was  originally  deposited  in  the  form  of  lime  car- 
bonate growths,  shells,  or  ooze,  but  was  progressively  altered  to  dolomite 

as  BR  followti :  After  bBTlDg  txfa  saturated  with 
ssiaple  vplichi'd  In  air  TTG,2  grams.  Wben  welRbed 
Id  water  tae  mult  was  aoo.V  graniB.  It  whs  Ibpn  dried  for  about  24  boars  In  an  ovn 
at  a  tMDperatnre  of  about  200°  cpntlgrsde.  After  this  drjilng  Its  welgbt  was  TT2  grams. 
From  tbci«  data  It  appesn  Ibat  the  sample  absorbed  3.2  grams  of  nater.  Its  poroslt; 
ir*a  tbeo  calculated  by  the  following  formula  : 
Weight  drr 

— — =3.840. 

Welgbt  In  water  saturated  —  Weight  la  bIt  saturated 
Weight  10  air  dry  X  3.845^  S41  cc  ^  the  Tolume  of  the  rock  material. 
3.2  graiilB  =  3.2  cc  (approi.)  =^  volume  of  water  absorbed. 
3.2 

Poroaltj^  ^.0131,  or  1  Sl/lOOths  per  cent  pore  apace. 

241  —  3.2 

"Taken  from  "Building  Stones  of  Wisconsin."  by  B.  R.  Baekle;.  WIbcodsId  Qeo- 
losleal  Snirey,  Bnll.  IT,  188S. 

"B.  Steidtmann:  The  evoliitlon  of  limestone  and  dolomite.  Jootool  of  Oeology,  vol. 
XU,  1911.  pp.  820-828. 
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before  actual  lithification  took  place,  in  consequence  of  chemical  reactions 
in  the  basal  layer  of  the  sea-water  in  which  deposition  was  proceeding. 
According  to  Pfaff,**  the  precipitation  of  dolomite  may  be  bronght  about 
by  the  presence  of  either  ammonium  carbonate,  ammonium  sulphide,  or 
hydrogen  sulphide.  These  are  all  common  products  of  the  decay  of  or- 
ganic matter  and  are  likely  to  be  present  in  notable  quantities  in  the  sedi- 
ments accumulating  on  the  ocean  floor  wherever  the  tissues  of  marine 
plants  and  animate  are  in  process  of  decay.  It  appears,  however,  that  in 
PfafPa  experiments  the  solutions  were  considerably  concentrated  throu^ 
evaporation.  I  have  found  no  record  of  experiments  of  this  kind  carried 
out  in  such  a  way  as  to  reproduce  closely  the  conditions  on  the  bottoms  of 
shallow,  warm,  clear  s§as. 

If  it  is  true  that  the  reactions  are  chemically  feasible  in  the  seas  of 
today  or  at  least  were  so  in  the  epicontinental  seas  of  Ordovician  time, 
with  their  somewhat  differrat  conditions  of  temperature,  salinity,  or  bio- 
chemical processes,  then  the  hypothesis  tends  to  explain  many  peculiari- 
ties of  the  Bighorn  and  similar  dolomites.  The  recrystallization  of  the 
mass,  which  is  an  essential  effect  of  the  postulated  process,  explains  the 
uniform  and  moderately  coarse-grained  texture  of  ttiese  rocks.  It  like- 
wise acconnta  for  the  general  lack  of  caverns,  veins,  and  pores.  The  hy- 
pothesis also  affords  a  ready  explanation  of  the  fact  that  the  corals,  crinoid 
stems,  and  other  identifiable  animal  structures,  which  originally  consisted 
of  either  calcite  or  aragonite,  are  here  fully  changed  into  crystalline  dolo- 
mite. The  vague  outlines  of  the  fossil  shells  and  of  the  problematical 
algae  may  also  be  accounted  for  hy  the  process  of  crystallization,  which 
would  give  little  heed  to  such  boundaries  in  a  chemically  homogeneous 
mass.  If,  as  assumed,  this  process  of  converting  lime  carbonate  into  dolo- 
mite during  crystallization  took  place  in  the  loose  sediment  lying  undis- 
turbed on  the  ocean  floor,  there  seems  to  he  no  reason  why  it  should  have 
affected  a  layer  more  than  a  few  inches  in  depth  at  any  one  time.  If  this 
view  is  correct,  it  helps  to  explain  the  alt^ation  of  dolomites  and  lime- 
stones in  many  formations  and  the  fact  that  the  beds  underlying  the  Big- 
horn formation  are  pure  limestone  rather  than  dolomite. 

To  this  hvpothesis  of  the  dolomitizing  of  lime  carbonate  deposits  in  the 
course  of  their  deposition  I  find  no  positive  objection,  and  as  it  apparently 
explains  most  of  the  observed  facta,  it  seems  to  me  the  most  promising  of 
the  sugRcstiona  which  have  been  made.  The  idea  is,  of  coarse,  not  at  all 
new,    Daly"  has  recently  reached  the  same  conclusion  for  the  dense  fine- 

•Becorded  by  F.  W.  Clarke:  Dat»  of  OeochmilstiT.  U.  8.  Oeolaglcal  Samy'BnII 
401,  IBll.  p.  538. 

"R.  A.  Daly:  The  Brat  caleatMoui  tonlli  and  the  erolotiaD  ot  Um  limMtoav.  BoH 
Oeol.  Soe.  Am.,  vol.  20,  18M,  p,  17a 
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grained  dolomites  characteristic  of  the  pre-Cambrian,  Cambrian,  and 
Ordovician  fonnationB  in  both  eastern  and  northwestern  North  America. 
His  comment  is  that  "the  evidence  shows  that  the  ma^eaian  content  of 
the  staple  pre-Deyoniati  limestone  is  original,  in  the  senee  that  the  mag- 
nesium carbonate  was  precipitated  from  sea-water.  In  many,  if  not  all, 
cases  the  dolomite  crystals  may  have  been  formed  at  or  near  the  snrfaee  of 
the  ancient  calcareous  mnds  by  the  interaction  of  the  .magnesian  salts  of 
sea-water  with  the  more  easily  precipitated  calcium  carbonate." 

The  subject  has  also  been  reviewed  by  Steidtmann,"  who  concludes  that 
the  formation  of  dolomite  in  this  manner  is  not  only  possible,  but  that  an 
increase  in  the  proportion  of  magrtesium  to  calcium  in  the  sea-water  may 
be  sufficient  to  bring  about  dolomitization. 

A  consideration  of  the  subject  up  to  this  point  naturally  tempts  one  to 
go  farther  and  seek  a  solution  for  related  questions.  If  the  Bighorn  dolo- 
mite was  formed  in  the  way  suggested,  under  what  conditions  was  the 
change  brought  about?  An  answer  to  this  would  help  us  to  understand 
why  dolomite  was  laid  down  in  some  parts  of  what  is  now  the  United 
States  at  approximately  the  same  time  that  pure  limestone  was  being  de- 
posited in  others,  and  would  likewise  explain  many  additional  cases,  such 
as  the  apparent  equivalence  of  the  Niagara  dolomite  of  Wisconsin  and  the 
Louisville  limestone  of  Kentucfcj'.  Experimental  work  has  shown  that 
strong  solutions  of  magnesium  salts  are  deleterious  to  the  growth  of  ani- 
mals and  plants,  but  inasmuch  as  the  Bighorn  Sea  evidently  contained 
abundant  living  organisms — many  of  them,  like  the  corals,  very  delicately 
adjusted  to  their  environment — it  seems  unlikely  that  the  magnesium  con- 
tent could  have  been  more  than  two  or  three  times  as  great  as  in  the 
present  ocean.  Another  fact  of  possible  suggestiveness  is  that  the  rivers 
of  hot  arid  regions  normally  carry  a  much  larger  proportion  (two  to  four 
times  as  much)  of  magnesium,  as  compared  with  calcium,  than  do  the 
rivers  of  cool  moist  climates.  It  is  also  a  fact,  shown  by  many  laboratory 
experiments,  that  the  alteration  of  calcite  to  dolomite  takes  place  more 
readily  in  warm  than  in  cold  solutions,  and  at  100°  centigrade  the  reac- 
tion requires  hours  rather  than  the  centuries  which  are  available  for 
geologic  processes.  Interesting  as  these  questions  are,  however,  it  is  not 
very  profitable  to  discuss  them  until  more  is  known  about  the  chemical 
reactions  in  sea-water  of  varying  temperatures,  pressures,  salinities,  and 
composition. 

;  Tbe  evolatlon  qt  llmeatone  and  dolomite.    jQurnni  of  0«olagj, 
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(1)  The  Bighorn  dolomite  is  widely  distributed  In  Wyoming,  and  will 
probably  be  found  to  extend  through  the  northern  Bocky  Mountains  from 
the  Black  Hills  southweatward  to  Utah  and  northwestward  to  southern 
Montana ;  but  it  is  absent  in  southeastern  Wyoming. 

(2)  It  is  of  Ordovieian  age  and  probably  includes  Silurian  also. 

(3)  Chemically  it  is  a  very  pure,  normal  dolomite,  almost  devoid  of 
terrigenous  material 

(4)  Fossils  are  rare  and  seldom  well  enough  preserved  to  be  identified. 
The  most  abundant  are  corals  and  erinoid  stems. 

(6)  Its  characteristic  coarsely  pitted  and  fretted  surface  is  due  to  the 
differential  weathering,  not  of  siliceous  and  calcareous  matter  intermin- 
gled, but  of  compact  fine-grained  dolomite  structures  imbedded  in  a 
matrix  of  more  coarsely^  cryetallioe  and  more  porous  dolomite. 

(6)  The  ill-defined  branching  structures  which  are  directly  related  to 
the  pattern  of  the  weathered  surface  are  probably  of  organic  origin.  It 
seems  more  likely  that  they  represenf  banks  of  calcareous  algse  than  any 
of  the  planMike  animals. 

(7)  The  obliteration  of  the  original  organic  structures  is  assigned  to 
the  process  of  crystallization  of  the  dolomite. 

(8)  In  origin  the  mass  of  the  rock  is  not  in  large  measure  fragmental, 
was  probably  not  directly  precipitated  as  dolomite  or  as  dolomitic  shells, 
and  probably  has  not  been  produced  by  the  substitution  of  magnesium  for 
calcium  in  a  solid  limestone.  It  is  suggested  as  most  probable  that  it  has 
been  produced  by  the  almost  simultaneous  interaction  of  the  bottom  layer 
of  sea-water,  charged  with  magnesium  salts,  on  shells,  skeletons,  and  other 
particles  of  calcite  and  aragonite  accumulating  as  loose  sediments  on  the 
eea-floor. 

(9)  The  deposits  were  probably  made  in  an  epicontinental  sea  less 
than  100  to  300  meters  in  d^th ;  and  there  are  considerations  which  sug- 
gest that  the  water  was  warm,  somewhat  {but  not  much)  above  the  aver- 
age in  salinity,  and  contained  more  than  the  usual  amount  of  magnesium 
salts. 

In  conclusion,  it  gives  me  pleasure  to  acknowledge  valuable  sugges- 
tions on  the  reef -making  coralline  algte  of  modem  seas  from  Dr.  Marshall 
A-  Howe,  of  the  New  York  Botanical  Garden,  and  from  Dr.  C.  I.  Lewis, 
of  the  University  of  Wisconsin,  on  various  botanical  questions  concerning 
the  algse.  Doctor  Howe  also  kindly  loaned  the  photographs  of  Lithopkyl- 
lutn  antillarum  which  are  used  here  as  illustrations. 
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BIPBRIMBNTAL  OBOLQOr.  ONE  OF  TBS  LAROE  BVBDIVIBIQSB  OF  OBOLOGT 
BY  FRED  K.  WEIGHT 

(Abitract) 

Experimentation  has  long  be«i  employed  In  geology  as  so  Indirect  means  of 
apprpachlm;  tbe  solution  of  certain  problems  by  a  process  of  analogy;  such 
Initiative  ^x«rlments  have  met,  however,  with  only  a  moderate  degree  of 
success,  and  In  recent  years  have  been  lai^ly  replaced  by  direct  measurements 
on  reproducible  systems  of  deflnite  composition  subjected  to  known  conditions 
of  temperature  and  pressure.  This  change  In  mode  of  attack  has  been  made 
possible  by  tbe  rapid  development,  during  the  past  three  or  four  decades,  of 
physics  and  chemistry;  tbis  In  turn  has  led  to  a  better  appredatioD  of  the 
fundamental  principles  involved  In  many  geological  problems  and  has  placed 
at  tbe  disposal  of  the  geologist  methods  of  attack  whicb  enable  him  to  solve 
problems  hitherto  deemed  beyond  the  range  of  experiment.  TbIs  part  of 
geology  is  not  usually  presented  in  tbe  text-books,  bat  Its  Importance  is  so 
great  that  it  merits  detailed  treatment  and  may  properly  be  considered  a  dls- 
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tlQCt  sabdlTlslon  of  geology  of  equal  rank  wltb  petrology,  stratlgrapby.  e«o- 
Domlc  geology,  etcetera. 

DiBcussioir 
Dr.  A.  W.  Grabau  :  I  would  suggest  that  tbe  workers  In  experimental  geology 
get  out  a  syllabus  or  small  tent-book  setting  forth  tbe  present  status  of  the 
subject  and  giving  methods  of  procedure  to  carry  on  simple  experiments  siicb 
as  require  only  simple  apparatus ;  also  to  suggest  lines  along  which  Investiira- 
tlons  can  be  carried  on.  The  mass  of  detail  accumulated  ought  to  be  digested 
and  summarized,  so  that  the  busy  geologist  can  master  it  witliout  too  mu*'h 
expenditure  of  time  and  energy. 


BTROOTVRAL  OEOLOQY  OF  TBB  BANOVBR  DISTRICT,  HBW  HA11P8BIRB 

BY  JOHN  WESu:;  mebbitt' 
{Abstract) 
Tb«  circular  map  (Bgure  1)  shows  belts  of  highly  metamorphosed  sediments 
wrapping  aronnd  an  elliptical  area  of  granite. 
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While  previous  work'  od  ttiis  district  sbowed  that  tbis 
Iguiious  r<x:k  waa  j'uunger  tbau  the  overlylns  sediments, 
it  did  not  show  Its  relatiou  to  tbe  luetaniorplilsm  of  tbose 
sedlmeulB,  the  structure,  or  tlie  luterrelatlon  of  the  central 
cure  of  granite  to  tbe  border-zone  pbase. 

Tbe  structure  (figure  2)  Is  that  of  an  eroded  dome,  with 
KFUuite  at  tbe  center.  There  are  two  phases  of  this  gran- 
ite:  (1)  a  central  mass,  ttb,  wblch  Is  pink  or  ver?  light 
gray,  not  deeply  weathered,  and  sbowa  practically  no 
foiiatlon;  and  (2)  surrounding  tbia,  a  border  zone  of 
^'ruuite  gneiss.  Da,  showing  considerable  foliation  In  places, 
and  differing  In  composition  in  the  absence  of  muscovlte 
uud  tbe  presence  of  a  much  larger  content  of  tmslc  min- 
eral. Tbls  is  cut  In  places  by  dikes  of  tbe  younger  gran- 
ite and  was  rendered  scliistose  either  before  or  during  this 
Intrusion.  Overlying  the  granlte-gnelss  border  zone  are 
tbe  following,  In  ascending  order:  sandy  schist  wltb 
squeezed  quartzite  pebbles,  3 ;  alate  and  mica  schist,  4, 
and  quartzite  conglomerate,  C.  All  of  these  have  been 
inteusety  foliated  and  variously  ufTected  by  contact  meta- 
uurpblsm.  The  argillaceous  roc);8  are  altered  most  Tbe 
alteration  is  so  great  in  places  that  the  metamoiphlc  rocks 
are  distinguished  from  Igneous  rocks  with  difficulty.  Tbe 
new  minerals  formed  are  horubleuJe,  gurnet,  and  chlori- 
tukl.  tbe  hornblende  In  places  composing  more  than  half 
of  tbe  rock.  Often  tbe  quartzite  Is  rendered  micaceous, 
u  white  quartzite  becoming  speckled  and  resembling  light 
gray  granite.  Sometimes  tbe  quartzite  i^unglomerute,  es- 
IHH-latty  where  some  argillaceous  muterlul. occurs  within 
it.  Is  highly  altered  and  difficult  to  recognize.  In  all  cases, 
however,  the  original  sedimentary  character  of  these  rocks 
may  be  recognized  In  thin  sections,  and  In  most  cases  in 
the  hand  specimen  when  closely  studied.  Occasional  trap 
dikes  cut  the  granite  and  the  sediments  near  tbelr  contact 
wltb  the  granite. 

On  either  side  of  tbis  dome  Is  j  synclinal  fold,  the  one 
on  tbe  west,  however,  showing  younger  sediments,  wblcb 
have  been  removed  from  tbe  syncline  to  tbe  east  (figures 
land  2). 

Professor  HKebcock*  describes  certain  "Inclusions"  as 
"fragments  of  tbe  adjacent  mica  schlsL"  It  Is  to  tie 
noted,  however,  that  these  "Inclusions"  are  found  all  tbe 
way  from  tbe  outside  edge  of  the  border  zone  to  tbe  cen- 
ter of  the  tiebauon  granite,  a  distance  of  no  less  than  a 
mile  from  tbe  border.  It  la  difficult  to  conceive  how 
fragments,  most  of  tbem  less  than  two  Inches  in  diameter, 
could  l>e  carried  to  that  distance  from  the  contact  and 
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not  be  dissolved.  Th^  contain  tbe  same  mlnenla  aa  the  rest  of  tbe  granite, 
but  with  a  larger  amount  of  rerromagneelaii  mlnerala,  and  hare  a  granitoid 
structure.  Tbey  might  better  be  regarded,  therefore,  as  basic  segregations 
wliicb  took  place  within  tbe  magma  during  Its  crj'stalllzatlon. 

BEHAVIOR 


iAbitraot) 

This  paper  la  an  endeavor  to  review  and  define  tbe  present  statas  of  our 
knowledge  of  tbe  effect  of  high  pressures  on  tbe  betaavloc  of  solids,  to  reconcile 
some  of  tbe  conflicting  statements  to  be  found  la  tbe  literature  pertaining  to 
tbe  subject,  and  to  Indicate  tbe  conclusions  which  may  Justifiably  be  drawn 
from  the  available  evidence,  especially  with  regard  to  tbelr  application  to  tbe 
dlscusslMi  of  geological  phenomena.  Some  of  this  confusion  results  from  the 
employment  or  Indefensible  criteria  in  ascertaining  tbe  character  and  magni- 
tude of  tbe  change  produced  by  pressure,  as,  for  example,  in  determining  tbe 
effect  of  pressure  In  [tromoting  cbemlcal  reaction  t>etween  solids;  bnt  In  tbe 
main  It  Is  due  to  failure  to  take  Into  account  tbe  fact  that  tbe  eOects  produced 
depend  on  the  character,  or  mode  of  action,  of  the  compression.  Tbe  effects 
are  different,  namely,  according  as  we  are  dealing  with  pressure  unlfonu  in 
all  directions  (true  hydrostatic  pressure)  or  with  a  mode  of  compression  wblch 
does  not  satisfy  this  condition ;  in  other  words,  tbe  effects  vary— as.  Indeed,  la 
almost  obvious — according  as  the  solid  retains  Its  original  form  or  undergoes 
deformation. 

Uniform  pressure  has  a  comparatively  slight  tSBct  on  tbe  melting  point:  it 
usually  raises  it,  and  by  an  amount,  which  In  the  systems  hitherto  investigated. 
Is  seldom  greater  tban  10°.  and  never  greater  than  30°  per  1,000  atmoepberen. 
Its  effect  on  solubility  Is  slight,  and  for  practical  purposes  negligible  as  com- 
pared with  the  Influence  of  temperature  upon  solubility.  Uniform  pressure 
tends  to  further  those  reacttons  which  are  accompanied  by  a  decrease  of 
volume;  but  It  by  no  means  follows  that  It  will  cause  these  (or  other)  reac- 
tions to  occur ;  for  whether  a  reaction  takes  place  or  cot  Is  determined  by  its 
velocity  under  tbe  particular  conditions,  and  such  evidence  as  there  Is  tenda 
to  show  that  reaction  velocity  la  not  much  affected  by  uniform  pressure. 

Tbe  effects  of  non-uniform  pressure  greatly  outweigh  those  of  uniform  pres- 
sure. It  alwayg  lowers  tbe  meltlng-polnt  and  raises  tbe  solubility,  and  by 
amounts  which  are  many  times  greater  tban  the  corresponding  changes  with 
uniform  pressure.  Indeed,  if  we  make  the  plausible  assumptlou  that  perma- 
nent deformation  of  a  crystalline  a^regate  is  conditioned  by  a  real  local  melt- 
ing (of  those  parts  which  nt  any  moment  bear  tbe  brant  of  tbe  load),  we  find 
tbe  amount  of  pressure  required  to  cause  melting  at  ordinary  temperature  to 
be  well  within  tbe  bounds  of  probability.  Snch  we  believe  to  I>e  tlie  ^(Hoit 
cause  In  producing  most  of  the  phenomena  recorded  as  occurring  when  solid 
systems  were  submitted  to  compression.    This  view,  wblle  It  coordinates  saU*- 

'  iDtrodnced  by  A.  L.  Day. 
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tactoTttj  the  wbole  of  the  experimental  work  bltberto  dooe,  confllcte  wltb  nose 
of  the  available  direct  erldence. 

It  follows,  therefore,  that  we  can  determine  the  effect  of  preaeure  od  a  solid 
system  only  If  we  can  define  the  character  of  the  compreaslon  (with  reference 
to  Ita  approach  to  nnlformltr  or  otherwise)  as  well  as  Its  magnitude,  and  wea 
then  only  when  the  reqalaite  thermal  and  other  data  characteristic  of  the 
ejstem  are  available. 

DlGCDSSIOK 

Prof.  B.  F.  Reid  :  Prof.  Jamee  Thomson  explained  the  fiow  of  glacier  ice  as 
the  result  of  melting  and  r^elation.  This  theorr  was  accepted  for  a  time,  bnt 
latterlr  gladallsts  have  inclined  toward  the  Idea  of  ordinary  plastic  flow  of 
glader  Ice.  Must  we  now  go  back  to  Thomson's  theory  as  the  explanation  of 
plastic  flow?  When  a  copper  wire  la  bent  do  we  have  melting  of  the  partlclea 
of  the  wireJ    This  Is  a  new  conception  of  plasticity. 

Dr.  A.  Ii.  DAT :  The  theory  is  not  entirely  new,  but  this  is,  so  far  as  1  know, 
the  first  attempt  to  extend  It  to  cover  such  a  wide  range  of  phenomena  and  to 
differentiate  definitely  between  the  effects  of  uniform  (hydrostatic)  aud  non- 
tmiform  compression. 

BTHnOTVSAL  FEATUREB  OP  A  PORTIOS  OP  BODTSBABT  IDAHO 
BI  fc  W.  BICHASDB  ASD  O.   B.   UASSnELD 

(Abstract) 

For  the  pest  four  yean  the  United  States  Geological  Sarvey  has  carried  on 
detailed  geologic  work  in  southeast  Idaho  for  the  purpose  of  securing  data  for 
clasaUylng  public  lands  supposed  to  contain  deposits  of  phosphate.  The  phos- 
phate occurs  in  rocks  assigned  to  the  Permian,  end  is  accompanied  by  a  rather 
full  series  of  Paleozoic  and  Mesozolc  rocks.  The  whole  sedimentary  series  la 
thrown  Into  pitching  folds,  with  trend  curving  from  nearly  north-south  to 
northwest  The  larger  folds  are  relatively  simple,  but  about  their  margina 
there  are  frequently  faults  and  subordinate  folds  that  make  the  structure  com- 
plex. The,  folded  re^on  is  traversed  by  a  great  thrust  fault,  the  Bannock 
ttimst,  with  warped  plane  and  Irregular  trace. 

BASyOOK  THRDBT—A    UAJOR  PAVI/F  IN  BOUTHBAST  IDABO 
ST  B.  W.  RICHARDS  Aim  O.  B.    ILAKBUBTJ) 

(Abstract) 

Tbe  work  of  members  of  the  United  States  Geological  Survey  In  the  pho»- 
jdiate  reoerre  of  southeast  Idaho  during  tlie  years  1009-1911  has  led  to  tbe 
recDsnltlou  of  an  overtbrust  fault  that  appears  to  have  ounsual  extent  and 
magnitude. 

Several  faults  at  first  supposed  to  be  Independent  are  now  interpreted  aa 
parts  of  a  single  great  thrust,  tbe  plane  of  which  has  been  warped  and  partly 
unroofed  by  erosion.  This  great  fault  has  been  called  the  Bannock  tbniat 
from  Bannock  County,  Idaho,  where  It  is  well  displayed. 

Rocks  of  Cambrian  to  Mtsslsslpplan  age  have  been  ttimat  on  Triassic  to 
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Cretaceous  fonoattooB,  inTolvIng  Tertlcal  dlsplacementi  of  8,000  to  12,000  or 
more  feet.  The  horizontal  displacement  la  eBtlmated  at  not  leea  than  12  miles, 
while  the  tone  of  movemest  waa  probably  as  much  aa  36  miles  wide.  The  fanlt 
with  Ita  Irr^ular  trace  estende  at  least  270  miles. 

DucusaiOK 

Dr.  BuoT  Blackwelder:  The  Wlllard  thrust  lii  the  Wasatch  Mouutalns. 
referred  to  by  Mr.  Maosfleld  as  possibly  part  of  the  Baimodc  thrust,  seems  to 
indicate  movement  of  the  overriding  block  from  east  to  west.  This  la  inferred 
from  tlie  drag-folds  underlying  the  thrust  block. 

The  announcement  was  made  that  in  the  Snake  River  Range  Carboniferous 
beds  have  been  found  in  contact  with  the  Cretaceous,  snggeatlng  a  northward 
continuation  of  the  Abaaroka  fanlt ;  and  also  that  there  are  overthrusta  aloni; 
the  southwest  side  of  the  Wind  River  Mountains,  which  were  first  noted  by 
C.  L.  Baker  In  1900.  On  the  Wind  Rlrer  thrusts  the  Arcbeau  overrides  from 
the  northeast  the  Carbonlferoua  and  even  Cretaceous. 

Mr.  Mansfield  was  asked  whether  tlw  warping  of  the  Bannock  tiimst  was 
contemporaneous  or  subsequent.  The  r^Iy  was  that  the  facts  were  not  sng- 
geatlve  on  that  point. 

maULAR  VSC0SP0RMIT7  AT  CAT8KILL 

ar  OEOBQB  H.  CHADwicR 

iAbttraot) 

Recent  changes  In  the  water  levd  of  CatBklll  Creek,  New  York,  have  brought 
to  light  new  and  striking  evidences  of  the  uncoofomilty  between  Lower  and 
Upper  Silurian  (Cbaniplalnlc-Ontnrlc)  rocks. 


BT  HABBT  FIBU>IlTa  BEID 

(Aigtraot) 

An  earthquake  occurred  In  Sumatra  in  181)2  when  the  secondary  triangula- 
tlon  of  the  Island  was  In  course  of  execution.  A  number  of  survey  atatlocs 
were  displaced  by  the  disturbance.  All  the  dlapiacements,  both  in  amount  and 
direction,  can  be  accounted  for  by  assuming  a  horizontal  slip  on  a  fault  similar 
to  that  which  occurred  at  the  time  of  the  California  earthquake  of  1900. 

BOMB  BTRUOTURAL  FBATURB8  IN  TBB  yORTHBRS  ASTBRAOITB  OOAh  rSBLB 
BV  V.  H.  DABTON 

(AUtract) 

In  collecting  data  for  constructiog  a  contour  map  of  the  structure  of  the 
northern  anthracite  coal  basin  many  interesting  details  of  structure  revealed 
by  mining  have  been  obtained.     Some  sections  show  marked  irregularity  in 
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form  In  dlffereat  parts  of  the  same  flexure  and  Illustrate  tbe  dlfflcnl^  In  Inter- 
pretlDK  underground  structure  from  surface  obserratlonH.  Rock  texture  \n  an 
luiportant  factor  lii  lafluenclng  tbe  minor  crenulatlons.  lu  thla  connection 
iMine  account  was  given  of  tbe  conatnictlou  of  tbe  structure  map,  especially  lu 
iireus  wliere  the  I'-oal  has  not  yet  been  mined. 

OBOTHBRMAL  DATA  OP  TBS  UNITED  STATSB 


\Aittract) 

This  contribution  consists  of  all  available  records  of  underground  tempera- 
tures lu  tbe  United  States.  Some  of  tbe  data  are  compiled,  but  there  are  also 
presented  resulU  of  obBervatlons  by  tbe  author  and  hie  associates  with  a 
npedal  type  of  thermometer  In  deep  borings  and  mines.  Temperatures  of  many 
artesian  flows  are  Included  lu  tbe  list  Some  of  the  geologic  relations  of  tbe 
'  thermaJ  gradients  in  certain  districts  are  described  and  their  prolmble  cause 
coaaldwed. 

UAONITUDE  OF  CONTINENTAL  DBP03ITS* 
BY   CMjLMLXa  B.   KEYES 

(AUtract) 

With  tbe  constantly  and  rapidly  growing  appreciation  of  the  importance  of 
those  sediments  now  widely  known  as  continental  deposits,  the  establtabment 
of  critical  criteria  for  their  discrimination  bas  not  kept  pace.  Certain  of  these 
criteria  need  especial  emphasis.  In  tbe  genetic  determination  of  some  of  the 
more  recently  formed  terranea,  such  as  are  found  on  tbe  American  continent 
west  of  tbe  Mississippi  River,  pbyslograpblc  criteria  are  most  useful. 

Of  continental  deposits  those  strictly  flnvlatile  lu  origin  are  prol)abl.v  of  far 
less  Importance  than  has  t>een  supposed.  Those  of  eollc  nature  appear  to  be 
much  more  widely  distributed  and  greater  In  extent  than  usually  ascribed. 
Wind-blown  materials  which  come  finally  to  rest  in  tbe  ocean  seem  to  consti- 
tute a  very  considerable  proportion  of  tbe  sediments  of  all  geologic  ages  that 
are  now  commoni]'  regarded  as  essentially  marine  beds.  Some  Paleozoic  for- 
matloas  lately  considered  as  eollc  In  character  are  believed  not  'to  be  such. 

Wlten  carefully  evaluated,  tt  may  prove  that  fully  oue-half  of  all  known 
geologic  formations  belong  to  tbe  continental  mass  of  deposits. 

GLACIAL  OIBQVBS  SEAR   UOUNT  WA8HINOT0N 
BY   JAUES    WALTES   QOLDTHWAIT 

(Abstract) 

Several  of  the  "ravines,"  "gulfs,"  or  "basins"  on  tbe  flanks  of  Moimt  Wasb- 
iugton  and  neighboring  summits  of  tbe  White  Mountains  have  distinct  drqiie 
form.  They  lie  on  all  sides  of  tbe  range,  and  can  not  be  explained  as  products 
of  glaclatlon  by  the  Ice-sheet  which  covered  the  summits.  They  seem  surely  to 
have  been  carved  out  by  local  glaciers  of  the  Alptne  type. 


'  Baad  by  tltla  December  S8,  1812. 
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I'mf.  J.  K.  Vftj/fuwimu :  Ou  ttte  lalaiul  of  Hutbss  Vinej^^n!  ::kev  ^  evi- 
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iU!Xt  (irtf-iiiJliii;  eiNfi^b  of  KUi.-iatkiti.  If  tbtwe  cirqae*  m  Mov::;!  WMt.:^^!..^. 
tr<!r«  (irifdui^il  l>r  Iwnl  Ktairlent  prior  to  tbbi  tolMrbtda]  t;poA.  their  v:ii:-; 
MHimintfly  MbouU  hare  btwu  ootcbed  br  gullies  and  corrle*.  whkb  ilat  kHI 
pffmlot  In  part  mm  tnidtati-e  at  uon-tclactal  acUon  prior  to  tbe  adrou  of  ilie 
WlM'Mutn  b«.  T)*e  abiM;iii«  of  tbene  Doa-BUdal  etvaioa  featnrH  rgald  be 
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or  by  a  time  mo  abort  tbat  weatbering  and  rain  actton  p 
In  any  recuKiilzable  d^iree. 

OMOLOOIOAL 


(Abilract) 

Tlin  iti-oloKloal  liivi'dtlKntloim  conducted  during  the  past  two  sommers  aioag 
ttui  Yukon-AlaMkii  Inlenitillmiiil  Itouudarj-  (the  Ulst  meridian),  between  Tn- 
koii  iind  I'ori'ujiliie  rlvurH.  buve  Hliown  tbat  tbe  rockg  tbere  are  domlnantlf  of 
MHllmmiliiry  urlKln,  and  Include  MeMzolc,  Paleozoic,  and  probably  Arcdteiui 
uioiubern,  tbe  entire  I'uIeozolL-  aec-tloir  being  apparently  rcv^veeited. 
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OnptoUtes,  wblcb  are  believed  to  bave  been  found  In  only  tbree  other  local- 
ities in  Alaska,  Tukon,  end  the  Northwest  terrltarles.  were  obtained  at  one 
point.  Cambrian  IobsIIb  were  also  found  at  several  polnta,  whlcb  extends  con- 
alderablf  our  knowledge  concerning  the  Cambrian,  as  fossil  reiualus  of  this 
period  have  not  previously  been  discovered  lu  Yukon  Territory,  and  In  Alaska 
have  been  found  at  but  one  other  locality,  over  700  miles  to  the  west. 

Members  of  the  older  schistose  formations  wblcb  have  heretofore  been  con- 
sidered as  pre-Devonlau,  pre-Sflurlan,  or  pre-Ordovldan  were  found  stratl- 
irrapblcBlly  lower  than  certain  limestone  beds  lu  which  Middle  Cambrian  fos- 
sils occur,  and  are  thus  of  Lower  Cambrian  or  pre-Cambrian  age.  These 
schistose  rocks  are  of  considerable  Importance,  since  they  have  been  shown  to 
be  the  source  of  the  gold  of  all  the  known  Yukon  placer  d^xralts,  as  well  as  a 
large  portion  of  those  of  Alaska. 


{Abttract) 

Tbla  paper  described  a  trip  from  Wlcblta  Falls,  Texas,  across  tbe  Permian 
and  Trlassic  Red  Beds  of  western  Texas  and  eastern  New  Mexico.  A  study  of 
the  beds  was  made  from  where  they  appear  on  the  east,  In  close  relation  with 
the  FennsylvaniaD  limestone,  to  where  they  turn  on  the  flanks  of  the  Rocky 
Mountains  at  Las  V^as  Hot  Spriugs,  In  New  Mexico.  Elapedal  attention  was 
paid  to  tbe  character  of  the  beds  in  an  attempt  to  determine  the  nature  of  tbe 
deposition  and  the  climatic  and  other  changes  recorded.  The  ultimate  aim  of 
the  study  was  to  determine,  so  far  as  possible,  the  conditions  of  life  and  distri- 
bution of  the  vertebrate  fauna  of  the  so-called  Permian  Red  BeAa  of  north 
central  Texas  and  adjacent  paris  of  Oklahoma. 

BBISARUXP  OONOLOUBSATB, 
BY  BEBBBKT  B.  OBBOORY 

(AT>ttract) 

Tbe  Sblnammp  conglomerate  probably  constitutes  the  base  of  the  Triassic 
In  the  Colorado  Plateau  Province,  and  Is  separated  from  tbe  underlying  Per- 
mian by  a  widespread  erosloual  unconformity.  Tbe  Sblnammp  of  Powell  and 
I>utton  is  to  be  correlated  with  part  of  the  Lttbododendron  of  Ward,  but  not 
with  tlie  Dolores  conglomerate  exposed  In  Bouthwestera  Colorado. 

Discussion 

Dr.  A.  W.  QoABAU  asked  liow  the  Sblnarump  conglomerate  and  the  limestone 
i-onglomerate  of  the  Dolores  were  formed. 

Professor  Oeeooby  replied  that  there  was  as  yet  no  satisfactory  explanation. 

Mr.  N.  H.  Darton:  Regarding  the  unconformity  at  the  base  of  the  Sblna- 
rump, there  was  no  conclusive  evidence  one  way  or  the  other  In  exposures  near 
ttie  line  of  the  Santa  Fe  Railroad.  There  Is  an  abrupt  change  in  character  of 
seHjlments  and  more  or  less  channeling  of  the  surface  of  the  underlying  shale, 
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but  u  relation  of  this  sort  Is  uaual  !□  confonuBble  sequences  where  &  coarse 
uedimeiit  has  beea  deposited  ou  fine-grained  moterlal.  Now  that  Doctor  Greg- 
ury  has  established  the  preseni.'e  of  iiu  uuc'onfornilty  by  finding  overlaps  In  the 
r^ou  to  the  nortb,  It  appears  that  this  must  be  the  relation  also  In  the  area 
near  the  railroad. 

It  appears  to  me  that  the  coarse  deposits  of  the  Shinaruiup  are  iu  broad. 
Irregular  zones  which  represent  the  channels  of  etreams  that  flowed  In  varlons 
directions  over  the  surface,  probably  mainly  during  times  of  freshets. 

FURTHER  DI8C0VBBIBB  IN  THE  TACONIO  MOUSTAINS 


( Abstract) 

A  paper  presented  by  the  author  to  the  Society  at  Its  last  meeting  described 
the  various  Huiestoues  which  sweep  around  the  slate  mass  forming  the  north 
end  of  the  Tiiuonlc  Mountains  In  Vermont.  During  this  fall  further  work  by 
tbe  author  on  the  slates  of  the  mouutatns  supports  the  conclusion  stated  last 
year,  that  the  contact  of  the  limestone  and  slate  Is  a  fault  coutnct,  with  tbe 
limestones  (Stockbrldge)  lying  under  the  slates. 

By  detailed  work  the  slates  have  been  mapped  and  subdivided  into  seven 
formations,  Ave  of  which  are  at  some  point  in  contact  with  the  limestone. 
These  formations  are  In  brief:  (1)  at  the  top  green,  greenish  gray  and  whitish 
gray  slate;  (2)  massive,  vitreous  white  quartzite;  <3)  greenish  gray  slate, 
with  tbin  seams  and  beds  of  green  quartzite  and  cberty  quartzite;  (4)  black 
slate;  (5)  eaicareous,  ferruginous  guurtzite;  (G>  blue  slate,  with  blue  lime- 
stone lentils;  (7)  gray  slate,  with  thin  gray  or  whitish  quartzite  seiims  and 
layers.  At  tbe  west  side  of  tbe  Tacoulc  Mountains  tbe  arglllut-eous  lieds  are 
slates,  but  become  phyllltes  or  fine  scbists  at  the  east  by  increase  of  uietiimor- 
phlsm.  This  Is  most  seen  In  the  top  and  bottom  fonuatlons  and  least  Ui  tlte 
black  slate,  ferruginous  quartzite.  and  limestone.  Lower  Cambrian  fossils  are 
found  Id  the  limestone  lentils  of  the  blue  slate,  while  tbe  ferruginous  <iuartzlte 
bas  always  been  recogulzed  as  characteristic  of  the  Cambrian.  All  these  for- 
mations. Including  the  luiown  and  characteristic  Cambrian  horizons,  pnss 
through  dozens  of  pitching  folds,  entirely  across  tbe  norlb  end  of  the  Tacoulc 
Mountains  from  west  to  east. 

Inasmuch  as  the  divisions  of  the  Ordok-lciiiii  Stockbrldge  limeiilonc  iu  this 
area  dip  under  the  slates  known  to  be  Cambrian  und  these  In  turn  dip  and 
pitch  away  from  the  limestones,  and  Inasmuch  as  tbe  limestones  and  slates  are 
all  unconformable  with  the  general  contact,  an  overthrust  of  the  slates  seems 
tlie  only  competent  explanation  of  their  relations. 

PRBLIMIHARY  QBOLOQWAL  MAP  OF  TBB  NAVAJO-UOKI  RBSBRrMTIOX 


(Abstract) 

Reconnaissance  in  norlbenst  Arizona  and  southeast  Utah  shows  a   wide~ 

spread  distribution  of  the  Perailan,  Triusslc,  Jurassic,  Cretaceous,  and  Tertiary 

strata,  previously  kuown  to  occur  in  southwestern  Colorado.    Volcanic  Decks. 

dib<w,  and  remnants  of  lava  flows  are  dlstilbuted  ttirougbout  the  area. 
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VARIOUS  FORMS  OF  SILICA  AND  THBIR  UVTUAL  RELATI0S6 


(Abstract) 

The  results  of  laboratory  iiiTeatlfiatlon  on  tbe  conditions  of  formation  of  tbe 
SiO,  mlnemlR,  quartz,  trldymlte,  niul  cristobalite  are  given,  and  tbe  bearing 
which  this  hn»  on  their  occurreuee  In  nature  Is  dlscuBsed.  Tbe  Inversion  point 
of  quartz  Into  trldymlte  haw  been  determined  rs  870'  -j-  10"  and  that  of  trldy- 
mlte Into  cristobalite  as  1,470°  -f-  10°-  These  points  define  the  ranges  of  sta- 
blllt7  of  thew  tnlnerulfl.  nnd  under  proper  conditions  the  appropriate  form  will 
always  appear,  but  nnder  certain  clmimBtances  trldymlte  and  cristobalite  may 
be  formed  outside  of  their  range  of  ntablllty  and  will  persist  Indefinitely.  This 
bas  an  Important  bearing  on  their  occurrence  In  nature.  Quartz,  on  the  other 
band,  does  not  appear  to  be  formed  above  870°,  except  that  great  pressure  will 
raise  the  Inversion  point  to  some  degree.  The  thermometrlc  point  thus  estab- 
lished places  a  probable  upper  limit  to  the  crystallization  of  quartz  from 
uiagmaa.  > 

SSDBX-BLLiPSOID  IN  PETROaRAPBlCMKROaOOPIC  WORK 


(AbttracI) 

In  this  paper  the  Importance  of  presenting  tbe  subject  of  microscopical  pe- 
trography consistently  from  the  viewpoint  of  the  Index-ell Ipsold  as  applied  to 
the  wave  front  normals  (without  referenre  to  tbe  rays)  Is  emphasized.  The 
vnrloos  optical  properties  eniployed^ — pracHcnl  petrographlc  microscope  work — 
can  be  bent  described  and  explalnwl  syatematlcally  by  means  of  the  Index- 
elllpsold.  The  use  of  the  so-cfllled  "axes  of  elasticity."  or  n,  h,  c,  or  X,  Y,  Z 
in  this  connection  Is  confuslnK.  and  only  adds  to  the  difficulties  encountered  by 
tbe  observer  In  mastering  the  subjn't.  They  should  accordingly  be  abandoned, 
and  the  French  usaee  of  nnmlne  the  principal  axes  of  the  Index-elllpsold  o,  jB,  8 
lf>r  np.  mm.  nn)  adopted.  To  employ  "a.tes  of  elasticity"  (»',  c'  or  I',  Z')  In 
tbe  expression  for  exiinctlon  angles  Is  not  only  needless,  but  less  direct,  as  It 
Introduces  entirely  new  conceptions  which  experience  has  shown  only  tend  to 
bewilder  the  student.  Clear,  concise  modes  of  expression  and  simple  inethoda 
of  attack  are  as  essential  In  petrology  as  In  other  sciences  whose  development 
Is  often  directly  depeiiilent  on  the  cure  and  attention  given  by  Its  workers  to 
these  factors. 

Discussion 

Dr.  E.  B.  M*tiiewk;  Estiraating  I>oetor  Wright's  suggestions  from  my  own 
ex|)erlence  as  n  worker  and  teacher,  I  can  concur  with  his  judznient  that  It  Is 
helpful  to  use  the  Indicntrlx  and  the  ellipses  desired  by  the  Intersection  of  Its 
surface  by  the  plane  of  the  microscopic  section.  This  Is  particularly  true  for 
the  more  ma'ture  workers.  Although  In  my  teochliig  during  the  last  decade  1 
have  used  the  Indicative  with  varying  emphasis  and  found  the  practice  satis- 
factory, I  have  found  certain  phases  of  the  subject  of  pet rograph leal  or  optical 
mineralogy  which  appear  to  be  taught  more  easily  by  one  of  the  other  geo- 
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metrical  conceptions  enumerated  hj  Doctor  Wrlgbt.  For  example,  tJ>e  average 
Btndent  appean  to  grasp  the  reasoan  for  the  wblte  light  phenomenB  In  a  sec- 
tion perpendicular  to  an  optic  eye  more  refldily  by  a  conBlderatloii  of  the  ray 
paths  or  the  wave-Hurftice  normals.  Again,  the  teacher's  task  involves  the  de- 
velopment of  tbe  use  of  the  literature  by  students.  Tbe  student  le  olTered  the 
dilemma  of  using  the  English  texta  with  x,  b,  c  (or  X,  7.  and  Z)  or  tbe 
Prendi  texts  nltb  an  Indlcatrix  oriented  In  terms  of  tbe  unfemlUar  crrgtalto- 
erapblc  notation  of  the  French.  For  this  reason  It  seems  more  advisable  to 
retain  several  of  tbe  geometrical  conceptions  In  teaching  In  spite  of  a  possible 
initial  confusion  on  the  part  of  tbe  stndent. 


BT  THOUAS  L.  WATSOn  AETD  STEPaSH  TABEB 

(Abstract) 

The  area  described  Is  located  along  tbe  western  edge  of  tbe  Piedmont  Plateau 
and  near  the  southeastern  slope  of  tbe  main  Blue  Ridge,  wltbln  tlie  foothills, 
about  half  way  between  Charlottesville  and  Lynchburg.  Virginia.  Tbe  rocks  of 
tbe  area  are  Igneous  in  origin,  are  Intensely  metamoipbosed,  and  are  divisible 
Into  a  number  of  types  which  show  marked  kinship  chiefly  in  a  combination  of 
particular  miners  logical  and  chemical  characters.  Tbe  principal  rock  ^i>e8 
Include  (1)  guartz-monozlte  gnelsB.  (2)  syenite,  (3)  gabbro,  <4)  nelsonite,  and 
(5)  diabase.  In  general  the  rocks  ore  characterized  by  the  prominence  of 
apatite  and  the  titanium  mlnerala — rutlle.  iimenlte,  and  in  places  tltaniferoos 
magnetite:  by  a  peculiar  blue  opalescent  quarts,  and  by  pyroxene  (cblefiy  by- 
persthene)  or  secondary  bomblende  derived  from  pyroxene  as  the  dominant 
femio  Hlllcate  mineral. 

The  pnper  deoortbes  tbe  general  Kcology  and  petrology  of  the  area  in  consM- 
erable  detail,  and  the  relationships  of  the  rock  types  are  discussed  on  tbe  basts 
of  microscopli?  study  of  thin  sectdons  and  complete  chemical  analyses.  TIk 
norms  of  the  rocka  are  computed  and  their  positions  In  the  quantitative  system 
of  classiflcation  shown.  Several  new  rock  types  are  described  and  magmattc 
names  saggeeted  for  them. 


BT  TBOUAS  U  WATSOK  AWD  JUSTUS  H.  CURE 

(AUtract) 

This  paper  embodies  a  petrologic  ptud.v  of  n  series  of  Igneous  dikes  occaning 
In  Angusta.  Rockbridge,  and  Rockingham  counties.  Virginia,  which  form  a  part 
of  the  middle  Shenandonb  Valle.T.  The  nek  types  represented  are  diabase,  in- 
cluding both  normal  and  ollvlnlc  forms,  nephelli^e  syenite,  camptonlte.  and 
monchlqulte.  Occurrences  of  dlnhase  have  previously  been  noted  and  described 
In  middle  western  Virginia  b.t  the  Cnuipt>ells.  Fontaine.  Darton.  and  Watson, 
but  recent  Investigations  by  tbe  present  writers  have  revealed  numerous  otber 
dikes  of  diabase  In  various  parts  of  the  three  counties  mentioned  above. 
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In  addition  to  diabase,  a  aeries  ol  complementar.v  dlkee  of  n^heltne  syraite, 
camptonlte,  and  moncblqulte.  Intimately  and  Inter^Httngly  nssodated  with  eacb 
other,  occur  In  the  nortbera  part  of  AuKHSta  Count}-,  cutting  the  Shenandoah 
gronp  of  limestones  and  the  Miaslaslppian  rocks  In  Little  North  Mountain.  The 
dikes  closely  parallel  each  other  and  can  be  traced  for  long  distances  across 
the  valley  limestone  and  related  formations  and  the  later  rocks  of  the  Atle- 
(theny  ridges  to  the  west,  but  In  no  case  have  they  been  traced  farther  east 
than  the  foothills  of  the  Blue  Kidge.  Kinship  of  the  three  rock  types  is  estab- 
lished by  particular  characters  In  mtneraioglcal  and  chemical  compoeitlon. 
Hydrochloric  add  solution  of  each  rock  yields  copious  g^atluous  silica  on 
evaporation. 

The  rocks  are  of  especial  Interest,  since  they  mark  the  first  occurrence  yet 
noted  tn  the  southeast  AUandc  States.  The  geographic  distribution  and  geo- 
logic occutTKice  and  relations  of  the  dikes  are  described;  microscopical  petrog- 
raptiy  based  on  study  of  many  tbin  sections,  and  cbemlc&l  composition  based 
00  complete  analysis  of  the  different  rock  types  are  dtseassed,  and  from  their 
i>alculated  norms  the  position  of  the  rocks  In  the  quantitative  system  of  classifl- 
cation  Is  determined. 

VORTBVUBBRLASD  VOLOAlfTC  PLUO 
BT  IT.  P.  OUSHTNO 

Published  as  pages  335-350  of  this  volume. 
DiacusBioiT 

Dr.  L.  T.  PiBSBON  called  attention  to  the  fact  that  Dr.  John  S.  Plett  at  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science,  at  Dundee. 
In  the  summer  of  1912,  read  a  jiaper  on  the  petrology  of  Scotland.  In  which  ttie 
view  was  expressed  that  the  pillow  lavas  represent  a  series  of  effusive  rocks  of 
peculiar  nature  poured  out  under  conditions  of  great  stability  and  geologic 
quiet  and  associated  wltb  sediments  undisturbed  at  the  tlma  If  this  view  he 
correct.  It  would  indicate  that  the  hypothesis  of  the  lava  having  arrived  at  Its 
present  place  by  thrusting  may  be  correct. 

Prof,  J.  VoiOTcr  Lewis:  In  some  half  a  dozen  localities  in  the  Watchung 
Mountains  of  New  Jersey  a  pillow  structure  very  similar  to-  that  described  by 
Professor  Cusbfng  occurs  In  the  upper  parts  of  the  Newark  basalt  flows.  The 
spbMvldal  masses  are  covered  with  an  Inch  or  two  of  glass,  are  Imbedded  In 
glass,  and  are  characterized  by  abundant  radial  cracking.  These  basalt  flows 
are  associated  wltb  sediments  In  which  no  evidence  of  marine  sedimentation 
has  yet  been  found  and  which  are  apparently  of  continental  origin.  It  seems 
Impossible,  therefore,  to  attribute  the  pillow  structure' to  submarine  flow. 

Dr.  I.  C.  WHrre:  The  failure  to  note  the  occurrence  of  this  outcrop  of  Igne- 
ous rock  In  New  York  by  the  older  geologists  and  former  State  surveys  has  a 
parallel  in  my  own  State  of  West  Virginia.  A  narrow  dike  of  peridotite  occurs 
In  Pendleton  County  which  remained  unnoticed  by  William  B.  Rogers  and  bis 
assistants  of  tbe  Virginia  Surr^  until  it  was  finally  discovered  tty  one  of  the 
geologists  of  tbe  United  States  Geological  Survey  half  a  century  later. 

Another  and  more  conspicuous  occurrence  of  a  peridotite  dike  cutting  through 
tbe  great  Fltlsbiiigh  coal  bed  and  extending  nearly  to  the  top  of  the  hllla  In 
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Fayette  and  Greene  coontlefl,  PenDBrlTanla.  was  also  overlooked  by  tbe  seolo- 
gtsts  or  the  first  Geologlcat  Survey  of  Pennsylvania,  as  well  as  by  those  of  tbe 
Second  Survey  of  tbat  State,  and  finally  by  tbose  of  tbe  Dntted  States  Geo- 
logical Survey,  wbo,  under  Mr.  U.  R.  Campbell's  supervlslou,  covered  tbe  area 
destn-tbed  In  the  UoiontoTCn-Masontown  Folio  with  much  ntore  detailed  atndies 
than  either  of  the  former  surveys.  It  remained  for  the  entry  of  a  coal  com- 
pany to  run  up  against  this  almost  Impeaetreble  wall  of  Igneous  rock,  nearly 
20  feet  thick,  before  the  geologists  learned  of  the  presence  of  this  dike,  which 
Mr.  HIce  states  can  now  be  traced  westward  across  the  Monongahela  River 
Into  Greene  County  from  the  locality  of  Its  flrat  discovery  In  tbe  Masontown 
coal  field  of  Payette  County. 

LAVAS  OF  BAWAIt  AlfD  TBBIB  BBLATtONB 
BT  WHITUA.IT  CB08B 

(Abttract) 

The  Hawaiian  Islands,  using  the  term  In  Its  comprehensive  senses  form  a 
particularly  well  defined  petrographlc  province.  Their  lavas  are  clearly  co- 
magmatle.  A  review  of  the  known  varlettes  of  these  lavas  brings  out  several 
points  of  interest  In  current  petrologlcal  discussion. 

While  basalt  of  a  common  type  Is  tbe  predominant  rock  of  the  Islands  th^e 
Is  a  much  greater  variety  than  Is  commonly  supposed.  Tbe  range  of  known 
rocks  la  reviewed.  Chemical  characters  are  discussed  on  the  basis  of  tblrty- 
nloe  exietlug  analyses,  showing  many  of  the  rocks  to  be  of  so-called  alkalioe 
types. 

The  relations  of  the  magmas  as  dlfTerenttatlon  products  are  compared  with 
those  of  other  Island  groups  of  the  Pacific  Ocean,  and  the  distribution  of  tbe 
Hawaiian  types  In  other  parts  of  the  world  Is  considered- 
It  Is  shown  that  the  distinction  between  the  "Atlantic  and  PaclBc  branches" 
of  igneous  rocts  is  highly  fallacious  as  regards  both  geographic  distrlbatlon 
and  genetic  relations. 


PRODUCTIOH  OF  APPARENT  DIORITE  Bi  MBTAXORPBISM 


(Ab»tract) 

In  the  aonthem  Appalachians  there  Is  a  group  of  rocks  with  the  compoettioii 
of  dlorite  and  the  holocrystalllne  texture  of  n  plutonlc  rock.  These  have  been 
described  by  various  authors  as  "quartz  diorlte"  and  an  Igneous  origin  has  beoi 
attributed  to  them.  Objections  to  such  an  asslgnmeiit  have  been  linown  from 
the  first  discovery  of  the  rock,  prime  among  thein  being  Its  bahit  of  gradbg 
Into  tbe  Inclosing  sedimentary  rooks.  Observations  accumulated  by  tbe  anttmr 
(luring  the  last  twenty  years  on  occurrences  of  this  diorlte  scattered  over  inan.T 
thousand  square  miles  now  seem  to  justify  attributing  the  formation  of  tldf 
rock  to  metamorphlsm. 

The  rock  occurs  in  bodies  of  various  shapes,  In  which  an  ellipsoidal  element 
Is  usually  seen.  In  places  It  forms  sheets  with  rounded  or  lenticular  edges 
and  rarely  has  tbe  aspect  of  a  lenticular  dike.    The  most  prominent  relatlona 
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to  other  rocks  are:  (1)  Ita  grading  or  menEliig  into  the  Inclosing  rocks;  (2)  Its 
occurrence  only  In  graywacke^  feldspatblc  gnelaa,  blgbly  altered  feldqmthtc 
sandstone,  or  metamorpblc  rocks  of  that  general  composition;  (3)  Its  HDalt 
dimensions,  Its  thickness  rarely  as  great  as  3  feet;  (4)  the  absence  of  any  re- 
lated or  Blmllar  Igneous  rock  in  the  regions  marked  by  tbe  occnrrence  of  the 
"dlorlte"  bodies;  (S)  Its  presence  In  wcka  of  this  composition  at  many  Cam- 
brian and  pre-Oambrfan  horizons ;  (6)  Its  occurrence  In  these  small  bodies  over 
many  thousands  of  square  miles. 

Mlneraloglcally  the  "dlorlte"  couststs  of  quartz,  hornblende  or  blodte,  garnet, 
alblte  and  ollgoclase,  zotelte,  tltanlte,  and  sulphides,  generally  In  this  order  of 
abundance.  These  are  arranged  so  that  the  new  minerals  replace  the  atmc- 
tures  and  minerals  of  the  Inclosing  rocks,  and  usually  have  a  random  arrange- 
ment of  their  prisms  In  strong  contrast  with  the  Bchistoslty  of  the  older  rocks. 
This  Is  quite  marked  where  the  minerals  of  the  "dtorlte"  merge  Into  the  gray- 
w&cke  or  are  formed,  as  often  happens.  In  patches  or  single  crystals  outside  of 
the  main  part  of  the  "dlorlte."  The  most  striking  form  of  "dlorlte"  Is  a  sphe- 
roidal or  ellipsoidal  ball  from  a  few  Inches  to  a  foot  or  so  In  diameter,  replac- 
ing graywacke.  Tbeae  forms  consist  of  a  series  of  shells  of  different  mineral 
oomposltlon,  some  balls  having  sis  or  seven  shells  plainly  shown. 

The  conclusion  Is  reached  that  the  "dtorlte"  results  from  static  metamor- 
phlsm  of  the  graywacke  or  similar  rock  under  Intense  pressure,  but  with 
scarcely  any  differential  motion.  For  lack  of  a  suitable  term,  pseudo-dlorlte  is 
the  best  for  present  nee.  These  occurrences  raise  anew  tbe  question  of  tbe 
formation  of  Igneous  rocks  from  sediments  by  fusion,  for  these  psendo-dlorlteB 
bave  the  characters  of  Igneous  rocks  and  are  plainly  derived  from  sediments. 
It  appears  In  them,  however,  that  It  Is  not  mass  fusion  which  Is  responsible  for 
tbelr  prodnctlon,  but  mineral  recrystalllzatlon  by  solutions  under  pressure. 

MEDIA  OF  Eton  RBPRACTlOy  AXD  SOME  8TASDABD  tlBDIA  OF  LOWER 
RBFRiOTlON  FOR  TBE  DBTERUlKATtON  OF  RBFRAOTIVg  ISDIOBS  WITH 
TBE  UICROSCOPB 

BT  H.  E.  ICXBWnr  ' 

(Abstract) 

By  weighing  out  and  fusing  together  definite  proportions  of  two  or  more 
tmltable  substances,  Immersion  media,  which  become  fluid  by  gentle  beating, 
can  he  prepared,  which  remain  permanently  standard  and  cover  practically  tbe 
whole  range  of  refractive  Indices  of  minerals.  Fluid  media  covering  the  range 
1.74  to  2.2  can  be  made  from  metbylene  Iodide  and  Its  compound  with  arsenic 
trisulphlde. 

CERTAIN  800ALLED  METEORIC  IR0S8  OF  CAKYOS  DIABLO 


The  great  abundance  of  so-called  meteoric  iron  found  In  the  vldnltr  of 
Canyon  Diablo,  Arizona,  has  been  pcdnted  to  as  affording  strong  evidence  of  a 
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meteor-Impact  origin  of  tbe  remarkable  deprewloD  a  few  miles  to  the  eastward 
known  as  Coon  Butte  or  Metedr  Crater.  On  tbe  recent  vlrit  to  tbe  locallt; 
during  the  transcontinental  excursion  of  the  American  Geographical  Sodety 
iq)poitnnlt7  waa  afforded  to  Inspect  closely  the  occurrence  of  many  of  tbe  "oxl- 
dlied  Irons"  found  In  tbe  debris  around  tbe  margin  of  the  crater.  Of  sixteen 
samples  collected  of  the  unaltered  kernels  of  these  masses  all  proved  to  be 
simply  ordinary  hematite  and  not  metallic  Iron,  as  claimed. 

The  instmctlve  feature  to  be  noted  In  this  connection  Is  that  thronghont  tbe 
arid  r^ons  the  small  Isolated  Iron-ore  masses  formed  at  or  near  the  surftce 
of  tbe  ground  are  not  usually  the  hydrous  Iron  oxide  or  llmonlte,  as  Is  tbe  ciue 
In  regions  of  moist  climate,  but  tbe  anhydrous  minerals  hematite  and  magnetite. 
Only  under  exceptional  conditions  when  brought  into  contnct  with  damp  cltys 
do  the  Iron  minerals  change  Into  the  Ilmontte  variety. 

Hctc  are  still  Important  flnds  of  true  meteoric  iron  In  tbe  neighborhood  of 
Coon  Butte,  but  the  greater  part  of  the  materiala  passing  as  sncb  are  bnoBlltlc 
In  character  and  not  of  celestial  origin. 

ITBW  OOOVRRBSOB  OF  ItOSAXITE  IS  SORTS  CAROUSA 
BY  JOSEPH  HTOn  PRATT 

{Abttract) 

This  paper  describee  an  occurrence  of  monasite  where  ttie  mineral  is  In  crys- 
tals and  masses,  some  of  wblcb  weigh  60  pounds.  Some  of  tbe  crystals  are 
well  developed  and  are  as  much  as  2%  Inches  long.  These  crystals  and  masses 
of  monaslte  are  the  largest  tbe  author  has  ever  seen. 


BT  ISAITK  B.  TAK  HOBIT 

I  Abstract) 

In  an  open  cut  at  Isabella,  near  Dncktown.  Tennessee,  ccmslderable  amonnts 
of  a  green  and  blue  deposit  of  secondary  origin  were  obeerred  by  the  author  In 
tbe  summer  of  1912.  This  wss  at  first  thonght  to  be  melsnterite  and  cbalcan- 
tblte,  but  8  few  tests  and  analyxes  have  shown  that  tbe  two  substances  sre 
pisantte.  with  a  varying  percentage  of  Iron  and  copper.  Tbe  stanrollte  crystal* 
are  tbe  largest  ever  seen  by  tbe  writer.  They  are  evidently  entirely  altered  to 
mica  and  contain  many  Inclusions  of  garnets. 

BPBOULATIVS  SATURE  OF  OEOLOOT 
VZ  W.  K.  DAVIS 

(AbitrMt) 

Tbe  opinion  prevails  in  many  places  that  geology  is  chiefly  an  observational 
science.  This  is  not  corre<'t.  It  Is  chiefly  a  specuintive  science,  in  that  tbe 
great  body  of  Its  statements  go  far  beyond  the  field  of  observable  fact  into  tbe 
field  tbat  can  be  re&cbed  only  by  menns  of  speculative  mental  processes.  Tbe 
recognition  of  tbls  truth  carries  witb  it  two  Important  consequences :  first,  that 
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more  i^Bteinatlc  and  tlioroiigh  luBtructlon  in  tbe  Don-obflerratlonal  side  of 
geology  ebould  be  given  En  the  educational  preparation  of  young  geologists  for 
expert  work ;  second,  tbat  tbe  publletied  work  of  trained  experts  sboald  make 
more  explicit  dlatlnctlon  between  tbe  Inferred  cooclnslona  that  they  reach  and 
tbe  observed  facts  on  wblcb  tbe  conclusions  are  based.  Tbe  modem  theory  of 
coral  reefa  supplies  an  Illustration  of  Incomplete  deduction  and  erroneous  con- 
clusion. 

BBARtSa  OF  RSOBST  OLIMATW  IUVBSTIOATIOSB  OS  QSOLOaiCAL  TBBORIBS 
BT  ELLSWOBTU  HUTtTIITaTOTT 

(Abstract) 

nnder  tbe  auspices  of  tbe  Carnegie  InsUtuUon  of  Washington  tbe  author  baa 
for  three  years  been  engaged  In  tbe  study  of  recent  changes  of  climate  In  North 
America.  His  investigations  have  been  directed  not  only  to  the  dry  portions  of 
the  United  States,  but  to  the  tropical  r^ons  of  southern  Mexico  and  Yucatan, 
thus  greatly  Increasing  the  types  ot  cllouite  from  which  conclusions  can  be 
drawn.  A  new  method  of  inveetigatlng  the  climate  of  recent  times  has  also 
been  employed,  namely,  the  measurement  of  the  rate  of  growth  of  trees.  From 
the  Big  Trees  of  Callfomla  a  curve  has  been  constructed  showing  the  fluctua- 
tions of  climate  for  the  past  3.000  years.  A  study  of  this  curve  and  of  other 
similar  ones  covering  shorter  periods,  together  with  the  observations  made  In 
the  torrid  zone,  surest  certain  hypotheses  connected  with  some  of  tbe  most 
Important  geological  phenomena.  One  of  these  Is  the  probable  nature  ot  the 
shifting  of  climatic  zones  which  occurred  during  tbe  glAclal  period.  Tbe  phe- 
nomena of  Yucatan  seem  to  find  their  best  explanation  In  connection  with  tbe 
theory  of  tbe  development  of  glaciers  In  areas  of  permanent  high  pressure. 
Uore  Important  than  this  Is  the  mnrked  agreement  wblcb  seems  to  exist  Ite- 
tween  climatic  pulBati<His  and  changes  lu  the  number  and  Intensity  of  eartb- 
quakes  and  volcanoes.  The  agreement  of  these  phenomena.  In  both  short  and 
long  periods,  seems  to  point  to  a  connection  throughout  geological  time.  This 
leads  to  a  far-reaching  theory  of  the  connection  between  changes  of  climate, 
telluric  movements,  and  some  nnknown  force,  perhaps  of  cosmic  origin. 

Discnseioir  . 

Prof,  W.  N.  Rice  :  T  perhaps  misunderstood  Doctor  Hnntiugton,  but  be  seemed 
to  me.  in  the  Introduction  of  his  paper,  to  propose  the  problem  of  finding  some 
vne  cause  of  oscillations  of  climate  which  would  account  both  for  oscillations  of 
long  and  oscillations  of  short  period.  It  seems  to  me  probable  that  cllmatic 
changes  are  the  result  not  of  one  cause,  but  of  a  complex  of  causes,  and  the 
dominant  agency  in  oscillations  of  long  period  Is  very  likely  different  from  the 
dominant  agency  In  oscillations  of  short  period.  Doctor  Huntington  has  shown 
evidence  which  gives  some  degree  of  probability  to  the  hypothesis  of  an  un- 
known cause  of  ctlmntlc  change  on  tbe  earth,  whose  effect  in  the  sun  Is  shown 
bf  changes  In  sun  spots.  But  there  are  other  known  agencies  which  must  pro- 
duce climatic  change,  though  there  may  be  difference  of  opinion  as  to  their 
quantitative  value.  EHevation  of  land  must  produce  local  depression  of  tem- 
perature.   Elevation  of  large  areas  to  high  altltndea  must  produce  depression  of 
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meaii  temperature  of  the  eartb's  sarface.  Increase  of  CO,  probably  tnmt  pro- 
duce rise  of  temperature  and  Increased  bumldlt;;  decrease  of  GO)  probabtr 
must  produce  coutrary  effects.  These  two  agencies  cooperate,  since  eievBtion 
of  land  must  produce  decrease  of  COp  Tbougb  we  can  not  attribute  to  changea 
In  tbe  eccentricity  of  tbe  eartb's  orbit  tbe  dominant  influence  claimed  for  It  by 
Cross,  It  se^ns  probable  tbat  great  cbanges  of  eccentricity  would  produce  aonw 
climatic  effect  Climatic  changes  must  be  supposed  to  result  from  a  complex 
of  causes,  some  of  which  are  known  and  others  probably  unknown. 

Prof.  O.  W.  Bbowr:  The  question  occurs  to  me  that  these  curres— which, 
allow  me  to  say,  must  represent  an  raormous  amount  of  time  and  labor— that 
show  approximate  agreement  at  times  between  solar  and  terrestrial  dynamic 
phenomena  and  terrestrial  climate  may  hare  been  partially  obscured  by  mixing 
the  data  concerning  seismic  and  volcanic  phenomena  of  large  land-masses,  rela- 
tively stable,  with  those  of  smaller  and  Jess  stable  regions  more  susceptible  to 
this  unknown  cosmic  stimulus. 

Smaller  impulses  would  affect  regions  of  tbe  crust  in  a  state  of  ddlcete 
equilibrium  at  once,  yet  tbey  might  affect  more  stable  land-masses  until  the 
accumulated  stresses  resulted  in  rupture  after  a  Jag  period  of  three,  sii,  of 
many  months  inter.  A  relatively  feeble  Impulse  of  the  waning  portion  of  the 
period  of  activity  might,  therefore,  serve  as  a  trigger  to  set  off  the  accumula- 
tion of  strains  in  the  more  resistant  segments.  Tbe  maxima  of  tbe  unstable 
areas  might  then  be  moved  along  or  partially  neutralized  by  the  maxima  of  the 
larger,  lees  easily  affected  areas  occurring  on  tbe  down  slopes  or  at  the  mlDima 
of  the  former. 

The  difficulties  resulting  from  lack  of  coincidence  of  the  curves  might  possibly 
be  avoided  If  the  curves  complied  from  regions  In  unstable  equilibrium  were 
compared  with  each  other,  as  well  as  those  from  more  stable  areas  were  studied 
separately.  I  feel  diffident  about  bringing  up  this  point  and  auggeettng  more 
labor,  when  it  may  have  no  value  at  all. 

Dr.  A.  L.  Day  :  In  general  any  pair  of  periodic  curves  may  be  combined  lo 
this  way  and  will  produce  a  series  of  maxima  and  minima  tn  regular  enccessloo 
without  proving  anything  more  than  their  Individual  periodicity.  In  the  pair 
of  curves  before  us,  from  which  strictly  characteristic  features  have  been  re- 
moved by  averaging,  some  Independent  proof  other  than  tbe  mere  altematloii  of 
maxima  and  minima  Is,  therefore,  necessary  to  establish  any  relation  betweei 


BY  JOSBFH  HAimw.r. 

(Abttrvct) 

Phystogntpbers  are  accustomed  to  build  on  the  results  of  stmctunl  and 
historical  studies  lo  order  to  explain  tbe  origin  of  the  present  surface  fonan. 
Bere  the  opposite  method  Is  followed — one  which  it  Is  thought  might  be  mote 
widely  adopted  by  historical  geologists — building  on  a  knowledge  of  the  prt» 
ent  relations  of  surface  forms  to  rock  structures  In  order  to  explain  tbe  past 
In  this  flrst  paper  Is  given  a  description  of  the  slgniflcant  forms  and  the  argu- 
ments as  to  mode  of  origin.    lo  the  second  paper  this  data  is  combined  nltli 
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stratlgraphic  and  Btructursl  evidence  to  elucidate  the  poot-Jnraaaic  blatory  of 
the  T^lon. 

Students  of  tbe  strata  of  tbe  Coastal  Plain  haye  discovered  numerous  sur- 
faces of  onconformlty  In  tbose  deimslts,  Indlcattns  repeated  retreats  of  tbe 
sea;  bat  tbey  have  drawn  their  shorelines  closs  to  tbe  present  outn'ops,  thus 
expressing  the  conclusl<Mi  that  the  osdllBtlons  of  the  strand  have  been  essen- 
tially conflned  to  tbe  present  coastal  plain,  Including  the  portions  now  snb- 
merged.  Tbe  geologist  who  has  canisd  the  evidence  of  tbe  sea  farthest  Inland 
is  W.  M.  Davis,  wbo  showed  from  tbe  character  of  the  superimposed  drainage 
that  the  sea  bad  at  one  time  advanced  over  the  trap  ridges  of  New  Jersey  onto 
the  t>order  of  the  crystalline  highlands.  In  tbe  present  paper  it  will  be  argued, 
however,  from  additional  lines  of  evidence  that  earlier  Invasions  of  the  sea 
advanced  much  farther  Inland,  the  farthest  reaching  In  fact  to  central  PenU' 
sylvanla  and  western  Massachusetts. 

As  bearing  on  tbe  nature  of  the  evidence  for  determining  the  limits  of 
former  marine  Invasions  the  address  of  Qllbert  Is  recalled,  delivered  to  the 
Geological  Society  December  30.  1892.  In  this  it  is  noted  thst  the  present 
limits  of  sedimentary  formations  are  primarily  determined  by  the  length  of 
time  which  their  outlying  portions  have  been  above  baselevel,  secondarily  on 
the  thickness,  resistance,  and  original  limits.  It  is  seen,  therefore,  thst  the 
mere  absence  of  CoastsI  Plain  deposits  from  tbe  higher  slopes  of  the  Piedmont 
Plateau  or  seaward  slopes  of  tbe  Appalachians  raises  no  presnmptton  either 
tor  or  against  the  former  presence  of  tbe  sea  over  that  region.  If  they  had 
once  been  present  they  would  now  be  absent  Tbe  problem  must,  therefore,  be 
approached  through  other  lines  of  evidence. 

DifBcuIties  are  then  noted  in  the  explanation  of  the  higher  surfaces  planed    , 
across  resistant  formations  over  certain  parts  of  Pennsylvsnla,  New  Jersey, 
and  Connecticut  as  remnants  of  a  single  peneplain  of  subaerlal  denudation, 
commonly  spoken  of  as  the  Cretaceous  peneplain. 

As  a  preliminary  step  for  the  reexamination  of  the  problem  a  statement  of 
criteria  Is  then  given  for  detennlning  with  some  accuracy  where  the  evidence 
Is  preserved,  the  elevation  of  former  baselevels  of  subaerlal  and  submarine 
erosion.  In  addition  to  other  criteria,  it  Is  shown  that  wind-gaps  of  a  certain 
character  cut  through  hard  ridges  give  tbe  best  record  of  subaerlal  baselevels. 
Tbe  submarine  plains  are  best  discriminated  through  a  determination  of  their 
nhores.  For  Bucb  plains  as  are  shown  by  various  lines  of  evidence  to  be  of 
marine  origin  tbe  ancient  levels  are  best  determined  from  tbe  marked  accord- 
ance and  flat  tops  of  tbe  remnants  of  the  more  resistant  formations. 

To  detect  by  means  of  these  criteria  the  extetence  of  marine  plains  which 
tinve  been  uplifted  and  very  largely  destroyed  by  subaerlal  erosion  a  method  of 
projected  profiles  Is  employed.  This  la  applied  to  western  Connecticut  and 
Massachusetts,  and  brings  to  light  tbe  fact  that  tbe  plateau  sloping  From  the 
Green  Mountains  and  Taconic  Range  to  Long  island  Sound  Is  not  a  simple 
uplifted  and  dissected  peneplain,  but  consisted  originally  of  a  flight  of  rock 
terraces,  themselves  somewhat  sloping.  The  lower  of  these  sre  relatively  nar- 
row and  poorly  developed,  but  preserve  a  considerable  approximation  to  tbe 
original  surface.  Tbe  higher  terraces,  originally  wide  and  flat,  were  succes- 
sively raised  and  warped  so  long  ago  that  they  have  been  very  largely  de- 
stroyed.    Certain  Intermediate  terraces  are  tbe  most  unmistakable  in  tbelr 
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cbaracter,  baving  been  nther  well  devel<H>ed  anil  still  preserrlng  well  cIl■^l^ 
terlzed  remnants.  TblB  series  of  terraces  is  shown  to  hare  been  developed  on 
tbe  eastern  side  of  tbe  Appalachians  over  the  whole  region  studied,  from  north- 
ern UasBBCbusetta  to  the  Potomac  Rirer.  They  have  been  named  by  the  author 
In  deflcendlng  order  from  localities  In  western  Massaehuaetts  and  Connecdcul, 
where  they  are  preserved  In  recognizable  stata  Their  names  and  the  approil- 
mate  elevation  of  their  Inner  margins  In  their  type  localities  are  as  follows: 

Fwt 

Bec^et  terrace 2,400 

Canaan  terrace 2.000 

Cornwall  terrace 1.720 

Goshen  terrace 1.380 

Litchfield  terrace 1,140 

Prospect  terrace 920 

Towantic  terrace .' 730 

Lower  terracea  of  leas  perfect  development  are  alao  noted  at  the  foUowlng 

eleratlona : 

Feet 

Appomattox  (Lafayette)  terrace 500  to  540 

New  Canaan  terrace 340  to  380 

Sunderland  twrace 200  to  240 

Wicomico  terrace 80  to  120 

In  r^ard  to  mode  of  origin  these  terraces  are  shown  to  still  preserve  In  a 
measure  the  forms  i-esultlng  from  wave  planation.  the  features  of  cliff  nnd 
terrace  developed  ucroaa  various  structures  and  rock  formationa  at  right  aiisles 
to  the  drBlnage  system  ludicatlng  that  they  cannot  be  reasonably  ascribed  to 
river  erosion  or  snbnerial  denudation.  The  latter  agencies,  however,  worted 
preparatory  to  tbe  marine  planation,  and  have  In  later  time  through  their 
destructive  effects  largely  masked  the  evidence  of  the  former  Invasions  and 
retreats  of  the  sea. 

Certain  Independent  tests  of  these  conclusions  are  derived  from  the  drainage 
of  eastern  Pennsylvania  and  tbe  finding  of  scnuf'  gravels  remaining  at  an 
elevation  of  700  to  730  feet  In  Maryland. 

The  demonstration  of  the  theses  of  this  paper  depend  very  largely  on  tbe 
maps  and  profiles  shown  In  the  atereoptlcon  slides. 

P0aT~/nitA88l0  BISTORT  OF  THB  HORTHERS  APPALACHtASB 


(Abitroct) 

The  previous  paper  develops  the  evidence  of  an  alternating  series  of  uplifts 
and  strand  lines.  The  present  paper  seeks  to  determine  their  place  in  gwAofic 
time  by  correlating  them  with  the  strata  of  the  Coastal  Plain.  An  outilne  of 
the  results  Is  as  follows: 

The  dates  of  the  piedmont  terraces  may  correspond  with  those  of  certain 
formations  of  the  Coastal  Plain.  The  dates  of  the  uplifts,  on  the  other  tumd, 
should  be  marked  by  the  Intervening  planes  of  unconformity;  or.  If  the  uplift 
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Old  not  roach  the  Coastal  Plain,  should  correspond  to  loterrenlng  formatlona. 
WarplDg  is  abowQ  to  bare  progresaed  variably,  but  without  reveraal,  during 
the  periods  involved.  Tbus  pbyslograpby,  stratigraphy,  and  structural  geology 
give  three  coDverglng  metbods  for  teetlng  sequence  and  age— the  province  of 
Matorlcal  geology.  Tbe  several  divisions  of  the  science  are  Interlocked  and 
render  mutual  aui^wrt 

The  sequence  of  rcsloual  events  during  post-Jurastic  time  Is  shown  to  be 
determined  with  considerable  probablUI?  as  follows: 

Comanche. — Intermittent  interior  uplift  reaching  large  amomit,  marginal 
downwarping,  and  continental  sedimentation. 

Cretaceovs  (Upper  Cretaceous). — Tbe  sea  invades  the  Appalachians  for  the 
ttnit  time  since  the  Paleozoic,  but  now  from  tlie  ocean  instead  of  the  conti- 
nental Interior.  At  the  maximum  of  transgression  Its  waves  cut  the  Becket 
terrace  against  tbe  southeast  side  of  tbe  Green  Mountains  and  tbe  south  side 
of  tbe  Catskllls.  This  was  followed  by  emergence  of  several  hundred  feet,  a 
crustal  stability  for  a  considerable  period,  and  tlie  cutting  of  the  Canaan  ter- 
race. Both  of  these  terraces  appear  to  be  distinctly  older  than  tlie  following 
series;  so  that,  as  the  next  Is  probably  Ollgoceue,  these  may  t»e  tentatively 
regarded  as  probably  middle  and  late  Cretaceous  respectively. 

Eocene. — Emergence  of  several  hundred  feet  and  retreat  of  tlie  shore  to  the 
region  of  tbe  present  Coastal  Plain.    Long  period  of  subserlai  erosion. 

Oligocene. — Probable  date  of  submergence  and  development  of  the  Cornwall 
terrace. 

If Iooen«.— Emergence  of  Bcveral  hundred  feet  Erosion  of  Inner  portion  of 
Ollgocene  from  the  Coastal  Plam,  followed  by  submergence  of  present  coastal 
plain  end  edge  of  the  present  Piedmont  Plateau  either  at  end  of  Miocene  or 
early  Pliocene.    No  terrace  recognized. 

Pliocene. — Intermittent  uplift  and  retreat  of  the  sea ;  cutting  of  the  Oosb^i, 
Litchfield,  and  Towantlc  terraces.  The  Appomattox  (Lafayette)  terrace,  still 
preserving  In  purt  Its  surface  d^)OBlts,  is  200  feet  below  tbe  Towantlc  and  is 
probably  late  Pliocene  In  age.  Below  the  Appomattox,  or  Lafayette,  are  the 
fainter  Pleistocene  terraces. 

An  uplift  of  a  few  hundred  feet  was  all  tbet  was  necessary  at  any  time  to 
cause  a  retreat  of  the  shore  from  these  high-level  terraces  to  tbe  region  of  the 
present  Coastal  Plain,  since  tbe  present  great  difference  in  elevation  is  mostly 
due  to  later  progressive  warping.  Similarly,  intervening  phases  of  slight  sub- 
mergence and  crustal  rest  are  sutBclent  to  account  for  the  planing  Inland  by 
the  sea.  The  sequence  of  events  thus  Indicates  progressive  hut  oscillatory  up- 
lift during  Tertiary  time,  becoming  more  rapid  In  the  Pliocene  and  Pleistocraie. 
The  conclusions,  as  In  the  previous  paper,  rest  largely  on  an  analysis  of  the 
profiles. 

Discussion 

Prof.  D.  W.  JoHMBON  pointed  out  that  If  we  have  ah  uplifted  and  tilted 
peneplain  on  wblcb  there  are  monadnock  residuals.  It  Is  possible  to  select  posi- 
tions In  wblcb  terrace  profiles  can  be  drawn  similar  to  some  of  those  on  which 
Professor  Barrell  bases  his  conclusions  In  favor  of  marine  planatlon.  Accord- 
ing to  tbe  theory  of  marine  planatlon,  what  ere  now  generally  regarded  as 
monadnocks  are  to  be  Interpreted  as  stacks  on  tbe  wave-cut  plain,  and  should 
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atUl  8bow  truces  of  marine  (cliffs.  So  Far  aa  tbe  Hpealcer  has  obBeired,  this  is 
not  the  case.  Water-worn  pebbles  on  the  upland  surface  may  be  of  atream 
orlKln  as  veil  as  of  marine  origlu.  and  bence  special  care  la  necessary  to  elimi- 
nate tbe  possibility  of  stream  origin  before  uucli  gravels  are  accepted  as  a 
conflrmatlon  of  tbe  tbeor;  or  marine  planatlou.  Tbe  speaker  would  also  like 
to  know  wbetber  Professor  Barrel!  found  tbe  terrace  levels  to  be  borlzootal 
over  wide  areas. 

Prof.  W.  M.  Davis  :  The  introduction  of  a  new  view  by  a  critical  investigator. 
wIki  thus  traverses  as  earlier  view  timt  had  gained  general  acc^tance.  is 
likely  to  lead  us  nearer  to  the  correct  Interpretation  of  natural  phenomena, 
particularly  if  ttie  Investigator  himself  had  previously  acc^ted  the  earlier 
view  which  be  Is  now  obliged  to  give  up;  and.  us  in  the  present  case,  the  oew 
vlew  la  based  on  facts  not  previously  recognized  and,  Indeed,  In  the  earlier 
lack  of  topographic  mops  barClj-  recognizable.  Hence  on  general  grounds  Pro- 
fessor Barren's  new  Interpretation  of  tbe  uplands  of  southern  New  Ehigland 
seems  more  likely  to  be  corre<'t  than  my  own  earlier  one. 

As  an  additional  test  for  tbe  occurrence  of  a  series  of  ancient  sea  clitCs  In 
these  uplands,  let  me  suggest  a  search  for  "diffs  of  decreasing  height,"  par- 
ticularly along  the  latest-made  (lowest-standing)  sbDrellnes;  for  If  a  sea  dill 
Is  cut  back  over  a  distance  several  times  greater  than  the  dlDineter  of  tbe  bills 
into  which  the  background  Is  dissected,  and  If  the  shoreline  is  many  times 
longer  than  a  hiti  diameter,  a  certain  number  of  the  hills  must  be  transected 
by  the  retreating  shoreline  ou  the  Inland  side  of  their  summits,  so  that  the 
cllCf  height  muBt  decrease  with  further  recession.  The  absence  of  such  dlETs — 
iudeed,  the  prevailing  absence  of  any  cliffs — along  tbe  Inner  billy  Iwrder  of  tbe 
even  uplands  of  Devonshire-Cornwall  and  of  Brittany  has  led  me  to  regard 
these  uplands  as  uplifted  peneiilains  of  normal  erosion,  in  spite  of  their  near- 
ness to  tbe  sea,  and  In  spite  of  the  oi-curreme  ou  them  of  gravel  patdie«  with 
marine  fossils.  These  are  explainable  by  a  brief  submergence  of  tbe  pen^Ialn 
after  it  was  degraded  and  before  It  was  uplifted  and  dissected.  On  the  other 
hand,  tbe  occurrence  of  cliffs,  and  esiieclally  of  cIlfTB  of  decreasing  height,  along 
the  Inner  border  of  an  even  upland  would  go  far  toward  proving  Its  marine 
origin.  However,  if  the  bills  of  the  l)ackgniuDd  were  elongated  ridges,  cliffs 
of  decreasing  height  would  be  rare  or  absent.  The  long  and  narrow  ridges, 
which  the  Inclined  trap  sheets  of  the  Trlasslc  urea  would  soon  form  lu  an 
uplifted  platform  of  abrasion,  would  l>e  reduced  to  n  lower  level  by  see  action 
south  of  a  shoreline,  while  retaining  their  former  le^-el  little  reduced  north  of 
tbe  shoreline.  As  there  are  many  shorelines  and  mntiy  trap  ridges,  It  would 
Beem  probable  that  some  of  the  latter  should  be  tranbected  by  some  of  tbe 
former,  and  at  tbe  point  of  transection  a  sudden  increase  of  height  sboali) 
occur  Independent  of  the  fault-lines  which  traverse  the  trap  ridges. 

As  to  the  Inland  reach  of  a  primitive  Cbcsapeake  Bay  far  northward  In 
Pennsylvania,  tbe  transverse  course  of  the  Susquebanua,  where  It  escapes  from 
tbe  syncllne  of  tbe  Wyoming  A'nlley.  ought  not,  In  my  opinion,  to  be  regarded 
as  an  example  of  superposition,  for  a  river  must  somehow  escape  frcun  a  syn- 
clinal valley  by  a  transverse  course,  whether  It  is  superposed  or  not.  Like- 
wise, tbe  longltudlniil  course  of  a  stream,  iwluted  out  by  Professor  Barrel! 
along  the  nortberu  side  of  the  west  end  of  tbe  Wyoming  ayucllne.  Is  as  easily 
explained  by  adjustment  to  structure  as  by  Indirect  effect  of  marine  action. 
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An  Important  question  on  which  Profeaeor  Barrell  did  not  explicitly  state 
bis  opinion  U:  Wbat  was  ttae  fomi  of  the  laod  area  la  whicb  tbe  sea  cut  tbe 
broad  plattormB  and  low  cIlSs  tbat  be  describes  as  i>ci?urrlt)K  at  successively 
lower  and  lower  levels?  Tbe  land  seems  to  have  had  a  hlliy  or  mountainous 
surface  la  tbe  background,  as  has  Jong  been  recognized  In  the  description 
wblcb  treats  tbe  uplands  of  southern  New  England  us  sn  uplifted  and  dissected 
l>eneplaln;  and  iu  the  foreground  there  was  a  buried  laud  surface  of  small 
relief,  which  the  Potomac  or  some  other  formation  still  covers  unconformably, 
this  burled  surface  being  an  el^nent  that  Is  common  to  both  the  earlier  and 
the  later  view.  But  what  sort  of  surface  existed  In  the  broad  belt  of  country 
Ifetween  tbe  background,  not  Invaded  by  tbe  sea,  aod  the  foreground,  still 
covered  by  stratified  deposits?  It  seems  conceivable  that  this  intermediate 
belt,  as  well  as  the  buried  foreground,  may  already  hare  had  a  moderate  or 
small  relief  more  or  less  Interrupted  by  monadnocks,  and  a  general  slope  to 
the  southeast,  whm  It  was  exposed  to  the  attack  of  the  sea ;  It  may,  Indeed, 
have  served  in  this  reduced  condition  as  the  floor  on  which  a  heavy  subsiding 
marine  strata  were  laid  down  during  tbe  advance  of  tbe  sea  on  ttie  subsiding 
continent;  and  the  advancing  sea  may  have  even  then  trimmed  and  shaved  the 
subsiding  land  at  successively  higher  and  higher  levels ;  and  In  this  case  the 
retreating  sea  has  bad.  during  each  pause  In  its  retreat,  to  clear  away  the  Inner 
extension  of  the  overlapping  strata  before  It  could  bench  the  underlying  Qour. 
But  all  this  may  have  hai^»ened  without  producing  a  great  amount  of  change 
in  the  form  of  the  preexlatent  surface  of  the  Intermediate  belt ;  and  If  thus 
Interpreted,  this  belt  might  be  called  a  sea-benehed  peneplain.  If,  on  the  other 
band,  tbe  work  of  tbe  sea  was  more  profound,  the  resulting  surface  would  be 
best  described  as  a  series  of  broad  sea  benches  or  platforms,  separated  by  low 

ClllTB. 

Let  me  turn  to  another  aspect  of  this  problem.  In  the  outline  of  method 
written  <Hi  the  blackboard  In  explanation  of  my  paper,  tbat  preceded  Professor 
Barren's,  there  were  certain  headings  ot  which  no  mention  was  made  In  my 
remarks.  One  of  these,  In  the  column  of  safeguards,  was  the  word  hospitality, 
n'hlcb  Indicated  the  attitude  that  an  Investigator  should  strive  to  maintain 
toward  all  uew  theories,  particularly  toward  such  as  may  replace  his  own 
preferred  view ;  for  In  this  way  he  can  best  guard  against  tbe  serious  danger 
of  favoritism.  I  confess  freely  that  It  Is  difficult  Immediately  to  take  a  per- 
fectly hospitable  attitude  toward  a  new  theory  tbat  will  very  likely  be  substi- 
tuted for  an  earlier  one  of  my  own  which  I  have  held  for  more  than  twenty 
years  with  growing  faith  In  its  competence,  bnt  I  propose  to  do  my  best  to 
assume  the  proper  attitude  toward  the  new  view,  and  hope  that  the  recog- 
nition of  the  difficulty  of  this  duty  will  make  It  easier.  With  hospitality  should 
t>e  associated  responsibility.  It  Is  not  appropriate  for  one  luveatigator  to  leave 
to  others  the  duty  of  testing  any  theory  that  enters  into  the  solution  of  bin 
problem ;  but  here  I  do  not  expect  my  practice  to  equal  my  principle.  It  Is 
not  likely  that  I  shall  take  up  new  field  study  of  this  problem ;  and  the  ad- 
mirably fair  and  competent  treatment  that  It  is  receiving  from  Professor  Bar- 
rell, along  with  my  abundant  occupation  at  present  In  other  directions.  Is  my 
excuse.  Revision  of  opinion  Is  another  safeguard  against  error ;  tbat  I  shall 
hope  to  make  whenever  need  be ;  and  under  tbe  lend  of  this  heading  Professor 
Barrell'fl  paper,  when  printed,  will  receive  the  most  attentive  consideration. 
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Fnrtlier,  the  capacity  to  do  critical  work  Impltes  tralnlne,  and  amoi^  tile  ele- 
m«DtB  of  tralnlnE  I  would  place  mncti  ImportaDce  on  the  unpleaBant  experience 
of  being  compelled  by  the  force  of  new  evidence  to  give  up  an  opinion  tbat 
one  bas  beld  for  a  year  or  more  witb  eatlHfBctloD ;  for  this  aboTCB  the  subject 
tbat  bis  mind  is  really  open  to  change,  wben  good  reasons  tor  cbsnge  are 
fonnd.  Experience  of  tbls  kind  Is  seldom  iirovlded  in  sfstematic  Instruction. 
It  does  not  often  come  from  one's  own  intention.  It  is  best  supplied  by  tbe 
work  of  one's  colleagues,  to  wbom  one  ougbt  therefore  to  feel  grateful  as 
occasion  oSer&  But  gratitude  of  so  dutiful  h  kind  may  well  be  acOKapanied 
by  a  certain  amount  of  personal  discomfort.  It  would  not  be  sincere  on  my 
part  to  say  tbat  gratitude  In  this  esse  Is  an  unmixed  feeling.  The  caee  re- 
sembles that  of  a  patient  who  swallows  his  medlcloe,  in  spite  of  Its  unpleasant 
taate,  because  he  bas  confldence  in  bis  phyelctan.  There  U  no  one  among  oar 
members  from  whom  I,  as  a  patient,  would  more  confidently  swallow  an  un- 
palatable dose  in  tbe  expectation  of  its  leading  to  a  cure  tben  from  I>r. 
Ban«ll. 

Mr.  N.  U.  Dabton  :  1  have  t;iveu  mucb  attention  to  tbe  pbyslographtc  de- 
velopment of  the  Piedmont  slope  In  Maryland  and  Virginia  and  do  not  feel 
convinced  that  the  region  shows  evidence  of  having  been  planed  or  terraced  by 
tbe  ocean.  It  seems  more  likely  that  tbe  features  described  by  Dr-  Barren 
are  parts  of  slopes  represeoting  various  stages  of  snbaerlol  planation  of  Ter- 
tiary and  later  times.  In  a  few  places  to  tbe  eastward  there  was  some  in- 
cursion of  the  sea  during  Chetuipeuke  time,  and  there  was  extensive  d^>08itlon 
of  Lafayette  and  Pleistocene  formation  and  later  deixralts,  most  of  which  have 
since  been  removed.  1  should  mention  in  tbis  coouectlon  tbat  the  I>afayette 
and  Pleistocene  deposits  near  tbe  western  margin  of  the  Coastal  Plain  are  not 
of  marine  origin,  but  ore  fluvlatile  and  estuarine  products. 

In  general  it  Is  unsafe  to  r^nrd  rounded  bills  of  similar  belgbt  as  repre- 
senting n  terrace,  for  auch  bills  are  In  process  of  degradation,  and  since  Ter- 
tiary and  early  Pleistocene  times  have  greatly  decreased  in  altitude,  end  tlie 
approximate  coincidence  in  height  of  scattered  bills  of  hard  and  of  soft  rocki< 
does  not  necessarily  define  a  terrace. 

Professor  Babbej-l  replied  as  folloiN's:  Dr.  I.everett  bas  asked  what  relation 
tbe  Hudson  gorge  may  bold  to  tbe  Sunderland  terrace.  In  reply,  I  would  say 
tbat  tills  InvestlgatlDi)  ebows  nu  new  facts  on  which  to  base  a  relationsblp. 
It  Is  thougbt  from  glacial  erratics  dropped  by  floatlug  ice  on  the  Coastal  Plain 
of  Maryland  tbat  tbe  Sunderland  terrace  was  covered  by  the  sea  during  au 
early  epoch  of  gladatloo.  Tbe  terrace  as  shown  on  tbe  Oonnectlcut  shore  has 
been  largely  destroyed  by  erosion,  yet  fragments  remain  sufficiently  Intact  to 
show  level  tops  and  Integrate  into  an  even  sky  Una  Therefore  a  continental 
glacier  was  not  here  at  the  time  of  wave  planatton.  Tbe  snbaerial  erosion 
features  now  submerged  below  present  aealevd  can  be  divided  Into  tbe  mature 
valleys  which  now  constitute  such  drowned  areas  as  Long  Island  Sound  and 
Chesapeake  Bay  and  tbe  deep  and  narrow  Inner  gorges.  From  the  degree  of 
tbelr  pbyRlograpblr  preservation  these  features  do  not  Impress  one  as  older 
than  tbe  Sunderland  terrace,  so  that  the  su^estlon  from  this  comparlsiMi  Is 
for  a  Pleistocene  age. 

Prof.  D.  W.  Johnson  has  raised  several  points.    First,  In  regard  to  tbe  sig- 
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niflcftnce  of  graTeU  found  on  terraces.  As  Frofeeaor  Jobneoa  points  oat,  tbe 
mere  pteecoce  of  bucIi  gravel  Is  lu  no  sense  a  criterion  of  marine  as  opposed 
to  flnvlatlle  origin.  But  when  tafcea  Into  (.-onnectlon  wltb  tbe  size  of  pebble 
and  the  relations  of  tbe  terrace  to  tbe  blgblands  beblnd,  tben  sucb  gravels 
may  become  of  elgntQcance.  Bouney  bus  shown  tbat  Alpine  riven  of  moderate 
tuogth  carry  pebbles  from  four  to  six  incbes  In  maximum  diameter  np  to  dls- 
lunces  of  twenty  miles  and  more  from  tbe  AIimj,  over  tbe  Piedmont.  On  tbese 
.Maryland  terraces  no  sucb  relations  of  mountains  aud  grade  existed  as  would 
give  the  rivers  sucb  carrying  power.  Tbe  gravels  were  found  In  scattered 
pebbles  up  to  six  laches  in  diameter  on  tbe  highest  remnants  of  a  flat  plain 
facing  tbe  sea  and  not  within  valley  walls.  Neither  Is  the  general  height  of 
the  country  beblnd  sucb  as  could  scoonnt  for  the  presence  of  gravel  of  this 


Professor  Johnson  spesks  further  of  the  possibility  of  fitting  certain  a 
terraces  to  any  part  of  an  irregular  profile.  Again,  as  an  abstract  proposition 
Professor  Johnson  makes  a  good  point,  but  one  which  has  been  abundantly 
guarded  against  In  this  investigation  and  wblcb  Is  ruled  out  by  tbe  evidence. 
Tbe  terraces  up  to  the  1,700-foot  level  are  snlficlently  well  preserved  over  cer- 
tain regions  to  give  a  markedly  level  sky-line,  and  these  levels  can  be  detected 
at  intervals  on  resistant  formations  along  hundreds  of  miles  of  tbe  Atlantic 
slopes.  The  two  higher  terraces  are  less  well  preserved,  and  the  conclusions 
In  r^ard  to  them  rest  therefore  not  so  much  on  their  Internal  evidence  as 
from  the  broader  relations  of  these  terraces,  on  the  one  band,  to  tbe  well- 
preserved  ones  at  a  lower  elevation  on  tbe  seaward  side  and,  on  tbe  other 
hand,  to  the  dltTerent  character  of  the  topography  on  tbe  side  of  the  mountains, 
especially  tbe  sharpness  of  tbat  line  diagonal  to  tbe  structure  which  separates 
tbe  highest  terrace  from  tbe  still  higher  and  mountainous  uplands. 

Professor  Johnson  has  spoken  also  of  the  distinction  in  form  which  should 
show  between  monadnocks  and  rock-stacks.  These  distinctions  are  largely 
features  wblcb  would  be  lost  long  before  the  residuals  had  themselves  disap- 
peared. On  tbe  higher  terraces  tbe  long  exiM>sure  to  subsequent  subaerlal 
nctlvitles  has  smoothed  down  all  slopes,  whatever  their  origin,  to  suc^  grades 
as  are  In  adjustment  with  the  later  history. 

Ur.  M.  R.  Campbell  has  spoken  of  the  different  degree  of  warping  which 
would  be  Implied  In  consequence  of  the  acceptance  of  these  terraces  as  sur- 
faces of  marine  planatlon.  It  Is  true  that  If  these  be  accepted,  since  they  are 
greater  In  number  than  the  haselevels  previously  used.  It  would  mean  a  re- 
view of  tlie  correlation  of  the  baselevels  of  the  continental  Interior  and  would 
probably  require  tbe  assumption  of  less  warping  In  a  new  Interpretation.  On 
the  Interior  slopes  of  the  Appalachians  the  erosion  has  been  presumably  en- 
tirely subaerlal,  but  tbe  higher  levels  were  largely  developed  on  softer  forma- 
tions than  where  they  are  preserved  on  tbe  Atlantic  slope,  with  the  result  that 
Rubaerlal  peneplanatlon  may  there  have  been  better  developed,  with  the  con- 
xequences  In  drnlnnge  history  wblcb  have  been  previously  held. 

Mr.  Darton  has  suggested  that  we  do  not  know  how  much  erosion  has  served 
to  lower  any  particular  hill  and  conttequently  that  there  is  doubt  thrown  on 
tbe  reconstruction  of  ancient  terraces  by  the  method  of  projected  profiles.  In 
answer,  it  should  be  stated  that  such  a  hyi>othesls  must,  of  course,  be  in  the 
geologist's  mind  in  looking  at  every  region,  but  that  It  may  be  readily  tested 
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iu  any  region  b7  the  evidence  o(  tbe  field.  Wben  a  plain  is  tierftted  and  Bub- 
Jected  to  erorion,  for  a  time  there  will  be  traceable  a  marked  accordance  be- 
tween tbe  ievel  of  tlie  higher  hilltops ;  but  an  nil  looe  a  part  of  their  initial 
elevation,  there  will  arise  a  uiaximum  dlscorUauce  ot  tbe  bigtier  Hununlt  levelB. 
ThlB  will  mark  adTanced  maturity  in  tbe  erosion  cjcie.  In  old  age  a  new  ac- 
cordance will  Blowl;  become  developed  in  relation  to  tbe  lower  and  younger 
tMselevel.  The  test,  tlien,  ol  the  amount  of  loss  by  erosion  suffered  by  tbe 
highest  remnants  of  an  old  murine  plain  is  tbe  degree  ot  accordance  of  the 
tiighest  reslduaia— an  accordance  to  be  traced  across  the  strike  of  resistant 
rocks  and  thus  stiown  to  be  lndq>endettt  of  structure.  Tbls  criterion  has  be«) 
upplied  from  New  Englanil  to  tbe  Potomac  River  and  indicates  that  it  Is  still 
possible  to  rather  closely  determine  tbe  levels  ot  even  tbe  terraces  most  de- 
stroyed. 

Mr.  Darton  has  miaitloned  that  tbe  Sunderland  was  largely  an  estuarine 
formation.  It  may  also  be  so  regarded  In  Connecticut,  since  Loi^  Island  must 
then  have  existed  as  a  partial  barrier  to  the  open  sea.  FnrtheTmore,  all  tbe 
Pleistocene  terraces  show  the  marked  character  of  lapping  around  lieadlands. 
Indicating  tbat  the  land  did  not  stand  still  sufficiently  long  after  a  stage  of 
subsidence  for  shore  erosion  to  produce  a  mature  shoreline. 

Professor  Davis  has  made  the  point  that  the  slopes  of  the  hills  partly  con- 
sumed by  sea  erosion  should  be  steeper  facing  tbe  sea  tlian  on  the  landward 
side.  It  would  seem  that  this  criterion  should  be  susceptible  of  application 
to  the  Pleistocene  terraces,  though  the  initial  slopes  may  be  somewhat  masked 
by  the  effects  of  glaciatlon.  Tbe  test  must,  however,  l>e  made  in  the  fltid 
rather  than  from  maps,  since  these  New  England  maps  are  In  general  not 
faithful  enough  In  regard  to  the  details  of  slope  to  enable  them  to  be  used  for 
such  refined  discriminations. 

RBOBXT  CHiyQBS  IN  TBS  ASVLKiH  OLAOIBR 

BT  HEINBICH  BIES 

iAittract) 

The  Asullcan  Glacier  Is  located  four  miles  south  of  QIacier  Station,  In  the 
Selkirks  of  British  Columbia.  Observations  made  on  it  between  1908  and  1»12 
stiow  that  it  receded  rapidly  during  tbe  flrst  part  of  this  period,  but  not  as 
much  during  tlie  latter  part  Photographs  taken  from  the  same  point  In  suo 
cessive  years  bring  out  these  changes  clearly. 

SriDENCE  OF  VERY  EARLY  GUClATtOX  IN  OHIO 


(Atatract) 

1.  Introduction ;  Summarizes  tbe  results  of  earlier  workers. 

2.  E^rly  drift:  Describee  and  discusses  some  very  old  drift  d^tosits  In  Hock- 
ing, Boss,  Pike,  and  Jackson  counties. 

3.  Stream  diversions :  Descrit>es  diversions  of  various  ages.  Some  of  these 
are  quite  recent  and  aeem  to  be  connected  with  the  Wisconsin  Ice-lnvaslon ; 
others  are  much  older  and  may  represent  different  stages  ot  development. 
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hence  possibly  more  than  one  ice-invftslon.     Some  valleys  made  by  diverted 
streams  were  considerably  mature  wben  Illinolssu  ontwash  was  laid  In  tbem. 

4.  Tbeorlea  offered  for  explanation  of  diversions. 

(a)  Dlastropblc  tilting  and  adjustments. 

(b)  Spring  •noTb.  and  beadward  eroelon. 

(e)  Varying  strength  of  strata  open  tbe  way  for  diversions, 
(d)  Ice-lnvasloDS. 

5.  GoDclnsions. 

BBOixsiwea  of  lake  aoassiz 


(Abstract) 

The  position  and  extent  of  tbe  Mllnor  Beach  and  tbe  correlative  outlet  and 
tbe  moraine  marking  tbe  position  of  tbe  Ice-border  have  been  determined  and 
studied  the  peat  season.  It  was  also  found  that  an  outlet  of  Lake  Agasslz 
farther  west  than  Lake  Traverse  was  In  operation  In  tbe  Herman  and  NorcroBS 
lake  stages.  Tbe  Lake  Traverse  outlet  alone  was  in  operation  during  the 
TImpah  and  Campbell  lake  stages. 

Water-laid  moraines  within  tbe  limits  of  Lake  Agaasiz  have  been  mapped  as 
far  nortb  as  tbe  latitude  of  Fargo  and  Morebead.  They  show  a  strong  lobatlon 
of  tbe  Ice-abeet  In  the  Red  River  basin. 

RBMARKABLE  DBFOBUATIOS  OF  THE  ALQOSQniS  BBAOE 
BY    FRANK    UTEBE1T 

(Abttract) 

Levels  run  by  the  writer  In  1912  along  the  Algonquin  Beach  In  the  northern 
peninsula  of  Michigan  and  on  Saint  Josephs  Island  have  shown  the  deforma- 
tion to  be  irregular,  with  a  range  from  2  feet  to  10  or  11  feet  per  mile  In  tbe 
direction  of  maximum  uplift,  slightly  east  of  nortb.  There  Is  not  a  constantly 
Increasing  rate  of  rise,  but  less  rapid  follow  more  rapid  rates. 

DiSOUSSWK 

Prof.  J.  W.  G'ldtiiwait:  A  profile  of  the  Algonquin  Beach  In  Ontario  made 
In  1907  Is  very  similar  to  the  one  shown  here  by  Mr.  Leverett,  except  that  tbe 
abrupt  Increase  In  tilt  rate  from  4  feet  per  mile  to  S  feet  comes  here  at  an 
altitude  of  about  800  feet  and  in  Ontario  at  847  feet 

Tbe  dlKoordnnce  among  tlie  points  whlcb  Mr.  Lererett's  profile  shows  la  too 
^eat  to  be  accounted  for  by  original  Irregularities  alone  or  by  errors  In  meas- 
arement ;  they  appear  to  be  explicable  only  by  Inequality  In  the  upwarptng. 

FLBIBTOCBVB  BUOOB8BIOS  IV  WIBOOHBtS 
BT  SAUtJEL  WKIDUAir 


A  brief  stntement  was  given  concerning  present  knowledge  of  tbe  drift  and 
BModated  earface  deposits  In  Wisconsin,  with  a  map  showing  dlstribntitm  of 
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tlw  formation.   There  sppear  to  be  five  drift  sheets  exhibited  In  Wisconsin  as 
follows : 

First  drift,  K  very  old.  thin  drift;  second  drift,  a  very  old,  tMA  drift,  corre- 
lated with  the  Kansan  of  northeaatem  Iowa ;  third  drift,  a  relatlrelj  old,  thin 
drift,  correlated  with  the  lowan  of  nortbeastem  Iowa ;  fourth  drift,  a  rela- 
tlTel^  thin,  fresh  drift,  correlated  with  the  early  WisconalD  of  nortbeastem 
Illlnola;  tlfth  drift,  the  Wlaconsln  drift  Extensive  alltiTlal  and  lacnstrine 
deposits  In  old  valleys  and  lowlands  of  Interglaclal  origin  between  the  second 
and  third  drifts;  the  loess  deposits  of  later  origin  than  the  third  drift  and 
older  than  the  fourth. 

tOWAJt  DRIPT 


iAUtract) 

Dr.  S.  Weldman,  of  the  Wisconsin  Qeologlcal  Surrey,  has  fonnd  In  western 
Wisconsin  an  old  drift  sheet  overlying  the  Eansan  drift  and  extending  In 
piaces  beyond  Its  limits,  whose  state  of  weathering  Is  about  that  of  llltnoisan 
drift  Its  constitution  there  Is  unlike  the  underlying  Eansan,  and  It  lies  In 
and  parilally  obliterates  valleys  of  poat'Kansnn  age.  It  has  loose  texture  and 
much  gravelly  material,  aud  Is  so  rapidly  pervious  to  water  that  It  has  In 
places  suffered  very  little  erosion  and  presents  Intact  the  features  left  by  the 
ice-sheet  It  Is  thought  by  him  to  be  a  continuation  and  correlative  of  the 
lowan  drift  of  northeastern  Iowa. 

Drift  of  this  sort  has  been  noted  by  the  present  writer  and  by  Doctor  Wetd- 
mnn  In  Minnesota  Inside  the  limits  of  the  Kanitan  drift;  sIno  In  M>nthem  Wis- 
consin and  northwestern  IIllnolB  east  of  the  Driftlesa  Area,  either  overlying 
or  extending  outside  the  typlcnl  Illlnolsan  drift  Its  southern  limits  ns  fixed 
hy  the  present  writer  are  at  the  Qreen  River  Baslo  In  western  Illlnola,  there 
being  typical  Illlnolsan  farther  south. 

This  drift  la  not  markedly  different  from  Illlnolsan  in  degree  of  weathering, 
but  differs  from  it  In  betiiK  more  Irregnlar  In  composition  and  more  varied  In 
topogrepby  and  depth.  It  Includes  the  pre-Wlsconsln  eskers  and  kames  of 
northwestern  Illinois  and  sonthem  Wisconsin,  and  yet  over  wide  areas  Is  a 
very  scanty  deposit  Similarly  It  Includes  the  gravelly  knolls  of  soatheastem 
Minnesota  that  obstruct  the  poat-Kannan  drainage  lines. 

The  so-called  lowan  drift  may  stand  In  about  aa  close  relation  to  the  Illl- 
nolsan as  do  the  later  Wisconsin  moraines  to  the  earlier  Wisconsin.  It  does  not 
seem  to  be  separated  from  the  Illlnolsan  drift  by  a  deflnlte  Interglaclal  stage, 
but  Instead  to  represent  a  snbstage  or  stadium  of  the  Illlnolsan.  It  may.  there- 
fore, be  advisable,  pending  further  study,  to  apply  to  It  the  double  name  Later 
Illlnolsan  or  lowan. 

Discussion' 

Prof.  A.  P.  Ooleuait:  The  name  Keewatin  Is  pronounced  Keene&ytlu  and 
not  Keewattln.  Was  there  not  a  migration  of  the  glacial  center  from  the 
Keewatin  area  west  of  Hudson's  Bay  to  the  Patrician  area,  to  coin  a  term  .'rom 
the  name  of  the  new  district  of  Patricia,  and  finally  to  the  Labrador  aieaT 

Then  are  older  strice  ninning  south  In  regions  to  the  northwest  of  Lake 
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Superior,  partly  removed  by  later  glaclatloii  from  tbe  northeast,  coDflimlng 
Mr.  Leverett'B  Iden  o(  a  movement  of  Ice  Bonthward  from  tbe  Patrician  region, 
caaslng  tbe  lowan  till  sheet 

CAKYOS  AUD  DELTA  OF  TBB  COPPER  RtVBR  IN  ALASKA 
BY   LAWBERCE   llABTIK 

(Abitract) 

The  canyon  by  which  the  Copper  Elver  croases  the  Chugach  Coast  Range  In 
Alaska  Is  over  100  miles  long  and  4,000  to  7,000  feet  de^,  tbe  width  varying 
from  2^  to  4  miles.  Tbe  heights  speclfled  are  atUlned  within  1  to  3  miles  of 
the  river.  Tbe  Copper  River  Canyon  Is,  therefore,  deeper  In  places  than  tbe 
Grand  Canyon  of  the  Colorado,  with  which  It  forma  namerons  contrastB  be- 
cause of  profound  glacial  erosion.  At  Its  northern  end  is  Wood  Canyon,  wblcb 
Is  apparently  due  to  postglacial  Incision  following  gledal  diversion  of  tbe 
Copper  River,  rather  than  rejuvenatiou  through  warping,  as  postulated  by 
Spencer.  The  former  Copper  River  Glacier  widened  and  deepened  this  canyon 
tremendously,  as  Is  shown  by  oversteepened  valley  walls,  truncated  spurs,  and 
hanging  valleys.  The  grade  of  the  river  tn  the  canyon  is  3^  to  15  feet  to  the 
mile.  The  canyon  terminates  In  a  flaring  lower  section  interpreted  as  a  former 
fiord,  now  filled  by  the  glacial  sedlmento  of  the  Copper  Elver  delta,  whose 
area  exceeds  500  square  miles.  On  tbis  deltn  detailed  meanurenieiits  of  width 
and  depth  and  of  tbe  rate  of  stream  flow  Itt  tlie  several  distributaries  furnish 
important  data  on  tbe  oarrylng  power  of  glacial  streams.  Comparative  stodles 
in  several  years  show  tbe  rates  of  deposition  and  of  erosion.  Borings  by  tbe 
railway  engineers  sbow  tbe  nature  of  outwash  material  below  tbe  surface  at 
several  positions  and  depths  on  the  delta.  Vegetation  below  present  sealevel 
In  these  borings  proves  recent  Rlnklng  of  tbe  land.  Tbe  existing  gladers  of  the 
Copper  River  Canyon  dominate  tbe  river  In  places,  causing  the  deposition  of 
outwash  gravels  Id  one  area  of  over  50  square  miles  above  a  glacier  dam.  The 
distribution  of  present-day  vegetation  In  the  canyon  suggests  a  recent  pre- 
blstoric  period  of  glaolal  expansion. 


BY    P0t;0LA8  W.  JOHKSON 

(Abstract) 

At  Quamqulsset  Harbor,  ncir  Woods  Hole,  tbe  sea  has  cut  Into  a  cbamEecy- 
I>arls  bog,  the  base  of  which  Is  13  feet  below  mean  sealevel.  This  submarine 
bog  has  been  regarded  by  some  as  an  especially  good  proof  of  recent  coastal 
subsidence,  and  therefore  deserves  special  attention.  According  to  Barilett,! 
the  bog  occupies  a  kettle  hole,  and  represents  successive  layers  of  vegetation 
continuously  built  up  to  the  surface  of  a  ground-water  table  which  rose  higher 
and  higher  as  tbe  land  subsided.  This  subsidence  required  something  over 
2.000  years,  and  Is  still  In  prt^rese,  the  sea  having  recently  cut  into  the  bog 

•  Bbodora,  vol.  li,  p.  Z21 ;  Science,  vol.  ixitlt,  p.  2». 
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deposit  The  argument  depends  od  fonr  DBaumpUons :  (1)  Tbe  bog  formed  Id 
a  ketUe  bole,  not  open  to  the  sea ;  (2)  the  chamnecj-pBrls  stumps  occur  In  place 
from  the  bottom  to  the  top  of  the  deposits;  (3)  coHstal  subsidence  Is  the  only 
theory  competent  to  explain  snch  a  succesnion  of  stumps  In  place;  (4)  t&e 
lower  as  well  as  the  uppermost  layers  of  tbe  deposit  are  of  recent  date  ( that  1», 
formed  within  the  last  two  or  three  thousand  years).  Evidence  Is  presented 
to  Bhow  that  the  validity  of  each  of  the  above  assumptions  mast  be  questioned^ 
It  IB  believed  that  the  bog  at  Woods  Hole  affords  no  evld^ice  either  tor  or 
against  the  theory  of  recent  coastal  subsidence. 

OONTRA-IMPOBBD  8B0RBLISB8 
BY  CHABLGS  H.  CUFP  ' 

iAr>ttr<iCt) 

By  the  retrt^rcMlon  of  a  soft  mantle  covering  hard  rocks  a  aborellne.  which 
during  an  earlier  portion  of  a  marine  cycle  was  a  simple,  cUffed.  mature  abore- 
llne, may  be  brought  or  "placed  against"  the  underlying  hard  rocks.  The  re- 
sulting shoreline  will  be  Irr^mlar  and  In  a  very  younp;  stage.  Such  a  shoreline 
Is  analoirons  to  tbe  valley  of  a  Buperlmposed  river  and  is  called  a  "contra-im- 
posed" shoreline.  The  development  of  contra-Imposed  stiorellnes  near  Victoria. 
British  Columbia,  Is  described. 

FEAT  DEPOBtT  OF  OEOLOOWAL  IXTERB8T  S'EAR  NEW  HAVEX.  COSJIECTICUT 
BT  CHABU»  A.  DAVIS 

(AUtract) 

Ordinary  peat  deposits  In  tbe  glaciated  regions  of  tbe  United  States  are  of 
little  Interest  to  geologists  n>mpared  wltb  those  of  northern  Europe,  since  they 
are  In  most  cnses  superposed  on  the  late  Wisconsin  drift.  They  tbus  repres«it 
a  time  too  short  to  record  many  changes  in  climate  or  flora. 

Near  New  Haven.  In  tbe  marshes  of  QulDocpinc  River,  is  a  deposit  of  excel- 
lent brick  clay,  presumably  of  gladsl  origin,  over  wtalcta  Is  sni>erposed  a  peat 
bed  of  varying  thickness.  Tlie  removal  of  the  peat  to  work  the  clay  bed  by  the 
brlckmakers  has  exposed  large  sections  of  peat  which  afford  opportunltle<t. 
nnusual  In  the  United  States,  for  studying  tbe  history  of  the  beds. 

In  a  typical  setrtlon  at  the  brickyard  near  "ScbHtaer  Park"  the  peat  rests  on 
a  tbln  bed  of  gravel  or  sand,  on  top  of  which  is  a  forest  soil  bed,  In  which 
there  are  stnmps  of  trees  whose  roots  penetrate  the  underlying  gravel.  Above 
this  woody  stratum  the  peat  shows  flora  changed  gradually  from  forest  to 
fresh-water  sedge  mnrab,  then  to  brackish,  and  finally  to  salt  marsh.  TTie 
stump-bearing  layer  is  now  several  feet  below  the  tide  level  of  tbe  nodlstnrbed 
marsh.  Tbe  clay  below  tbe  gravel  has  numerous  woody  roots  much  older  than 
those  In  tbe  gravel. 

I  latrodaced  b7  D.  W.  Johnson. 
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(Ahttract) 

Some  of  the  more  Important  points  r^ardlni;  tbe  Bontbem  Adirondack  region 
brougbt  ont  In  tbls  paper  are  tbe  following: 

1.  Tbe  early  PaleoEolc  aea  encroacbed  on  a  more  or  tees  well  developed  pene- 
plain In  tbe  Adirondack  region,  tbls  pen^laln  being  niodemtely  rugged  In  tbe 
nortbeastem  and  eastern  portions;  leas  so  In  tbe  soiitbein  portion;  nnd  very 
smooth  In  tbe  southweatem  portion,  sucb  a  difference  In  cbaracter  of  the 
peneplain  no  donbt  being  due  to  tbe  fact  that  tbe  sontliwestem  portion  longest 
remained  above  sealevel. 

2.  When  the  early  Paleozoic  sea  encroa<4)ed  on  tbe  region  It  did  not  set  up 
embaymenta  or  estuaries  to  the  pre-Cambrlan  rock  area,  except  possibly  to 
some  extent  on  the  eatitem  side,  as  shows  by  tbe  pen^laln  character  of  tbe 
pre-Cambrlan  rock  surface,  the  typical  marine  character  of  the  deposits  In  the 
Paleozoic  rock  outlters,  iind  the  downfaulted  structure  of  tbe  outliers. 

3.  Tbe  region  was  never  completely  submerged  durlngr  the  Paleozoic  era. 
ttaongh  at  the  time  the  ninxlmum  submergence  during:  tbe  Trenton  n  compara- 
ttrely  small  land-mHss  remained. 

4.  The  land  areas  varied  considerably  in  extent  from  time  to  time,  but  the 
principal  area  of  unsubmersed  pre-Cambrlan  rock  ran  In  a  nortbeast-aouthwe«t 
direction  thn>ugb  the  aoutbem  Adirondack  region  and  most  likely  continue 
through  the  nortbem  region. 

5.  This  prominent  northeast -southwest  structural  belt  or  axis  of  elevation, 
occupying  practically  tbe  same  position  as  the  present  main  ails  of  elevatkm 
of  the  mountalDH.  has  played  an  Important  part  in  tbe  geological  history  of 
north^n  New  York. 


BY  r.m.  UATTHE0  ' 

(Alatract) 

A  study  of  the  prefient  dlstrlbutlou  of  Ice  on  Mount  Rainier  and  of  the 
scalptural  featnrea  indicative  of  the  former  extent  of  Its  ice  cover  aeems  to  war- 
rant the  inference  that  that  mountain  carried  on  Its  broad  summit  but  little.  If 
any,  more  snow  during  tbe  last  glacial  epoch  than  It  does  today.  On  its  flanka. 
however,  the  ice  was  formerly  much  thicker  then  now.  while  tbe  profound 
valleys  radiating  from  Its  base  were  occupied  by  glaciers  of  considerable  ex- 
tent. But  tbeee  great  ice-streams  were  not  merely  prolongations  of  the  swollen 
Rainier  glaciers.  As  tbe  topt^raphy  about  the  base  of  tbe  volcano  Indicates, 
tb^  originated  Independently  at  relatively  low  levels,  for  the  most  part  In 
cirques,  at  altitudes  between  4.000  and  6,000  feet — at  tbe  same  levels.  In  other 
words,  at  which  the  other  valley  glaciers  of  tbe  last  Glacial  epoch  bad  their 
origin  throughout  tbe  Cascade  Range.    The  Rainier  glaciers,  therefore,  wera 

>  iBtTDdoeed  bj  U.  R.  CuDpball. 
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onlf  K00d-al»d  tribDtaries  to  tta«n.  In  uanr  Instanraa  no  larger  than  the  Ire- 
mBBBea  cootribntetl  by  cirques  on  iieigbboTlng  mountBia  crests. 

The  explanation  of  this  relative  paucity  o(  Ice  on  the  cone  of  Mount  Bainlw 
during  the  last  Rliu'lal  epocb  Is  Bought  In  a  lowering  of  the  level  or  tone  of 
maximum  precipitation  concomitant  with  the  d^reaslon  of  tbe  leotlierme.  Tbe 
level  of  maximum  precipitation  la  estimated  to  lie  at  present  between  8,000  and 
10,000  feet,  or,  raughly.  5,000  feet  below  tbe  summit  of  the  mountain.  IIk 
prevalence  of  maturely  developed  cirques  of  large  capacity  at  altitudes  between 
4,000  and  0,000  feet,  not  only  la  the  Immediate  vicinity  of  Mount  Rainier,  but 
throughout  a  lai^e  portion  of  the  Cascade  Rnnce.  taken  together  with  \t» 
absence  of  evidences  of  a  former  proportionate  Increase  In  tbe  volume  of  tbe 
Ice-BtreaniB  on  the  cone  of  Mount  Rainier,  points  strongly  to  the  pnrfMbllltT 
that  during  the  last  glacial  epoch  tbe  level  of  maxlmttm  precipitation  v»* 
depressed  to  altitudes  between  4,000  and  6,000  feet 

Tbe  cone  of  Mount  Rainier,  accordlnttly,  rose  hlgb  above  this  zone  of  deer 
snows  Into  atmoapherlc  strata  of  relative  aridity,  and  tbla  no  dnabt  was  irne 
of  tbe  other  lofty  volcanoes  of  tbe  Cascade  Range. 

B  AUD  THEIB 


(AbatracI) 

In  bis  studies  in  tbe  Niagara  r^on  a  number  of  years  ago  Dr.  G.  K,  Gilbert 
found  that  tbe  first  flow  of  Niagara  lUver  poured  over  tbe  escarpment  at  fire 
different  places,  tbe  present  place  being  tbe  ntost  westerly.  Obviously,  ttte 
river  dlscbarged  only  a  fractional  part  of  Its  volume  through  any  one  chann^ 
and  yet  three  of  tbe  cbannela  east  of  Lewlston  Indicate  large  volumes.  Alto- 
gether tbe  several  cbannels  show  that  tbe  total  volume  was  nearly  If  not  quite 
as  large  as  at  present  and  certainly  several  times  larger  than  the  discharge  of 
IiBke  Erie  alone. 

In  tbe  Great  Lake  history  It  is  found  tbat  tbe  first  flow  of  Niagara  Blver 
carried  not  only  tbe  discharge  of  Lake  Brie,  but  also  tbat  of  Early  Lake  Alpya- 
qutn.  The  latter  lake  covered  the  south  half  of  Lake  Huron,  and  tboc^b  re- 
ceiving nothing  from  Lake  Michigan  or  Lake  Sui>er1or,  received  a  large  conlrt- 
bntion  from  tbe  east  from  the  region  of  Georgian  Bay  and  Lake  Slmcoe  and  tbe 
Ire-sheet  north  of  them:  but  this  arrangement  of  drainage  was  sbori  lived.  It 
ended  when  tbe  retreat  of  tbe  ice-sheet  opened  tbe  outlet  at  Klrkfield,  Ontario, 
for  tbla  outlet  Immediately  carried  off  the  whole  discharge  of  the  uwier  three 
lakes,  leaving  Niagara  with  only  the  discharge  of  Lake  Erie,  which  la  approxi- 
mately 15  per  cent  of  Niagara's  present  volume.  There  Is  abundant  proof  tbat 
this  arrangement  lasted  for  a  relatively  long  time;  but  It  was  finally  brought  to 
a  close  by  a  great  uplift  of  northern  lands,  which  raised  Klrkfleld  above  tbe 
level  of  Port  Huron  and  sent  the  distharge  of  tbe  three  upper  lakes  to  I^e 
Erie  and  Niagara. 

These  three  stages  of  the  Great  Lake  history  are  clearly  defined.  Where  are 
the!)*  correlatives  In  the  Niagara  gorge? 

Spencef.  witb  a  different  conception  of  tbe  lake  history,  attributes  tbe  a- 
tire  stretch  of  gorge  from  its  mouth  up  to  the  bead  of  Foster's  Flats  to  what  be 
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calls  the  "Brie  Stage,"  meaning  by  that  tbat  tUe  river  carried  only  the  din- 
clia:^  of  Lake  Erie  tbroughont  thfe  whole  time.  But  hie  Interpretation  iKuoref 
entirely  two  well  established  Btages  of  the  lake  blfttory. 

Tbere  are  characters  In  tbe  Niagara  gorge  wblcb  appear  to  correlate  per- 
fectly with  tbe  three  lake  stages  mentioned  above.  Ignoring  the  older  banin 
ot  the  Whirlpool  and  beginning  at  the  upper  aide  of  tbe  Eddy  Basin  (lower  end 
of  tbe  gorge  of  tbe  Whirlpool  raplda).  the  gorge  from  there  to  Its  mouth  la 
divisible  Into  three  sections  on  the  baals  of  cbarnctem  Indicating  variations  of 
volnme.  The  newest  of  these  sections  extends  from  tbe  upper  side  of  the  Eddy 
Basin  to  the  twnd  of  the  river  Just  below  Niagara  I'ulverslty  and  Is  known  as 
the  Lower  Great  gorge,  for  Its  cross-section  corresponds  to  that  of  the  Upper 
Great  gorge  now  being  made,  and  its  place  among  the  other  sections  corre- 
sponds prei'isely  to  the  Fort  Huron  stage  of  Lake  A^nquln,  when  Niagara 
had  the  full  discharge  of  the  four  upper  lakes. 

The  remainder  of  the  gorge  to  Its  mouth  comprises  the  two  earlier  sections 
and  must,  therefore.  Include  tbe  gorge  correlative  of  tbe  Kirkfleld  stage,  which 
endured  a  relatively  long  time  and  during  which  Niagara  carried  onl7  tbe 
discharge  of  Lake  Erie.  But  this  section  can  not  be  supposed  to  extend  all  tbe 
way  to  the  mouth  of  tbe  gorge,  for  beginning  at  that  point  there  must  be  a 
section  extending  at  least  a  short  distance  southward,  which  Is  the  correlative 
of  Niagara's  first  flow,  when  the  volume  of  the  river  was  divided  between  Dve 
points  of  discbarge  over  the  escarpmeut  Tlie  line  of  dlvtslon  between  this  first 
or  earliest  section  and  the  succeeding  longer  section  which  corre^nnds  to  the 
KlrkDeld  stage  is  not  so  clear  as  might  l>e  desired,  for  the  whole  gorge  below 
the  nnlverslty  has  been  subjected  to  important  modifying  conditions,  which 
have  obscured  very  considerably  the  characters  orlglnolly  given  to  that  part 
when  It  was  made.  Among  these  modifying  conditions  ore:  (J)  changes  of 
level  of  both  lakes  Iroquois  nnd  Ontario;  (2)  thinner  beds  of  the  capping 
Lockpori  tlmestoae;  (3)  greater  thickness  of  shale  In  the  gorge  wall,  and  (4) 
longer  time  of  weathering. 

It  Is  believed,  however,  that  the  division  point  Iwtween  the  first  or  oldest 
two  sections  Is  Indicated  with  considerable  cleamess  at  a  point  aixmt  2.000  feet 
south  of  tbe  mouth  of  tbe  gorge.  North  of  this  point  tbe  allnement  of  the  ' 
cIlfTs  Is  somewhat  Irregular  and  the  average  top  width  Is  approxlmstely  1,400 
feet.  South  of  the  division  point  the  cIlB^s  are  remarkably  straight  and  parallel 
as  tar  as  tbe  t>end  Just  below  the  university,  and  the  average  top  width  Is  close 
to  1,300  feet  Only  at  one  place,  aliout  opposite  Smeaton  rnvlne.  does  this  part 
of  the  gorge  t>end  out  of  a  straight  line.  For  sbout  2.000  feet  above  its  mouth, 
therefore,  the  gorge  appears  to  be  the  correlative  of  Early  Lake  Algonquin  and 
the  period  of  first  and  divided  fiow  of  tbe  river.  The  remsiulng  portion  south- 
ward to  the  university  Is  the  correlative  of  tlie  Klrkfleld  stage  of  Lake  Algon- 
qnln,  when  Niagara  carried  only  the  discharge  of  I^ake  Erie.  This  section  of 
tbe  gorge  was  therefore  narrow,  like  tbe  gorge  of  the  Whirlpool  Rapids,  when 
It  was  first  made,  though  Its  top  width  Is  now  nearlj-  twice  as  great  The  his- 
tory found  for  this  second  section  agrees  In  the  main  with  Spencer's  interpre- 
tation, but  the  other  two  sections  do  not  for  they  both  require  large  volume 
for  the  river. 

Tbe  paper  is  devoted  mainly  to  a  dlscus^on  of  tbe  history  and  modifying 
omdltlons  which  have  affected  these  older  parte  of  tbe  gorge  and  made  bo 
dUHcalt  thelz  correlation  with  tb?  lake  history. 
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MWROSTRnOTURB   OF  TITAXIPBROVB  MAQVETITEB'^ 
BT  JOSEPH  T.   SIKaEWAUl,  JR. 

(dbstrocl) 

A  Btndy  of  etcbed  polished  surfticea  of  tltitnlferons  masnetites  shows  tbat 
they  constat  In  i»rt  of  grHnular  aggr^otes  of  magnetite  and  itmentte.  A 
microscopic  Investigation  of  the  magnetite  graina  reveals  furtber  that  the  latter 
are  not  bomogeneous.  but  contain  countless  minute  Intergrowthe  of  ilmmlte. 
This  paper  described  the  nature  of  these  Intergrowths. 


(Aft*  tract) 

Metamorpblc  rocks  having  been  exposed  to  Increased  temperature  and  pres- 
sure will  not  only  be  recrystalllssed,  but  any  Included  moisture  wilt  have  Its 
solvent  power  Increased.  Slowly  this  solvent  power  will  diminish,  after  the 
main  metamorpblc  action  has  taken  place,  and  the  pressure  Is  compressive 
rather  than  differential  as  the  strata  return  to  the  pressure  and  temperature 
at  the  surface.  It  is  at  this  time  that  the  main  metaciystals,  chloritold,  stau- 
rollte,  etcetera,  are  formed.  If  a  sandstone  bed  containing  a  large  amount  cX 
water,  Inclosed  In  slates,  like  the  Berea  Grit,  were  put  through  the  same 
process,  there  se^ns  no  reason  why  a  verj'  large  amount,  or  the  whole  of  the 
rock  material,  should  not  be  dissolved  and  be  reprecipltated,  either  as  the 
whole  mass  of  strata  came  nearer  the  surface  or  as  the  dissolved  stratum  was 
enabled  by  fissures  to  find  Its  way  to  places  more  favorable  to  crystalllzBtion. 
Such  rocks  are  likely  to  be  near  a  eutectlc  granite  In  composition  and  peg- 
matltlc  In  texture.  The  writer  did  not  believe  that  such  rocks  existed,  but  is 
now  Inclined  to  believe  that  some  of  the  Maine  pegmstitic  granites  may  be  of 
this  nature. 

Discussion 

Dr.  O.  P.  Merkiu.  remarked  that  he  had  seen  the  rock  in  outcrops  along  aud 
In  the  road  running  south  toward  Spruce  Point  He  had. noted  the  close  paral- 
lelism of  the  feldquirs  and  also  the  apparent  increase  to  schlstosity  parallel 
with  the  walls  In  proximity  with  Its  contact  with  the  granite.  He  questioned 
It  the  structural  peculiarities  were  not  due  to  a  shearing  from  crustal  roove- 
ments  during  the  cooling  and  gradual  stiffening  of  the  magma. 


Published  as  pages  293-300  of  this  volume. 


<  Bead  with  the  permission  of  the  Director  of  the  IT.  S.  Bureia  at  HInea. 
■  Presented  St  tbe  meetlos  under  the  title  "Pre-Cambrlaa  atracture  ot  ' 
Stack  BIIU  at  bearing  on  tbe  origin  of  tbe  Honestake  ore-bod;." 
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FroL  J.  D.  iBViNQ :  Tbe  remarlu  Jiut  offered  by  Mr.  Sidney  Paige  on  the 
Homestake  ore-body  have  been  of  considerable  Interest  to  me,  as  It  waa  my 
good  fortune  to  make  an  examination  and  publlah  a  report '  on  tbe  Homestake 
ore-body  some  IS  years  ago.  I  am  not  very  familiar  with  the  broader  strnc- 
ture  and  lltbology  of  tbe  rocks  whlcb  inclose  tbe  ore-body,  In  so  far  as  tbey 
were  observed  underground  during  tbe  very  brief  study  whlcb  I  was  able  to 
make,  permlaslon  to  enter  the  mine  having  been  withdrawn  by  the  manage- 
ment  shortly  after  tbe  beginning  of  my  field  work.  The  surface  geology  waa 
done  by  Professor  Jaggar  and  his  aasUtanta,  so  that  I  am  unable  to  commott 
on  tbe  structural  features  mentioned  by  Mr.  Paige. 

A  very  large  collection  of  specimens  of  the  ore,  however,  was  made  on  all 
levels  of  the  Homestake  mine,  extending  to  a  depth  of  approximately  900  feet 
These  represented  all  varieties  of  ore  found  In  the  Homestake  mine,  and  I  wa» 
able  to  make  from  them  a  rather  complete  petographlc  study,  the  results  ot 
which,  to  a  large  extent  at  lenat,  seem  tc  me  to  make  this  explanation  Im- 
probable. 

The  most  notable  feature  about  the  Homestake  ores  Is  that  tbey  exhibit  no 
Uthologlc  or  textural  features  which  seem  to  dlattngnleh  them  from  the  barren 
country  rock ;  so  well  has  this  feature  been  recognized  that  the  company  has 
never  been  able  to  distlngutsb  the  ore  without  either  panning  tests  or  assays. 
When  we  first  took  up  the  study  of  the  Black  Hltls  ores,  we  noted  that  through 
some  of  the  rock  which  carried  the  gold  pyrlte,  pyrrhotite  and  subordinate 
arsenotvrlte  occurred  In  considerable  abundance.  In  other  varieties  this  was 
accompanied  by  quartz,  and  in  some  slopes  the  ore  was  largely  made  up  of  the 
silicate  Cummlngtonlte,  which  was,  I  believe,  first  recognized  by  Mr.  W.  Und- 
gren.  In  still  other  varieties  dolomite  was  observed  in  considerable  quantities 
ood  after  red  garnet,  presumatily  of  the  variety  pyrope.  In  all  ot  these  va- 
iletles  of  ore  tbe  appearance  of  tbe  rock  was  apparently  cbaracterlstlc.  Such 
ore,  however,  represented  only  a  small  part  ot  the  ore  mined.  The  larger  part 
of  it  was  simply  silicon  schist  containing  no  carbonates  and  In  no  respect  dif- 
ferent from  the  non -auriferous  scbist.  Such  ores  were  simply  mica  schist, 
schist,  quartz  schist,  chlorite  achlst,  and  other  varieties  of  non-calcareous 
schists  and  metamorphle  rocks,  whose  only  distinction  from  barren  country 
rock  lay  In  their  containing  small  quantities  of  gold.  Careful  microscopic  study 
yielded  no  Indication  of  extensive  alteration  of  any  kind  and  showed  no  tectural 
or  mineraloglcal  features  wblch  were  not  also  observable  in  the  unmlneralUed 
rocks. 

In  addition  to  this,  no  evidence  of  replacement  was  discernible  and  tbe  ores 
passed  Insensibly  into  barren  rock.  While,  therefore,  Mr.  Paige's  hypothesis 
as  to  the  origin  of  these  ores  by  replacem^it  of  calcareous  members  in  tbe 
Algonkian  group  may  be  of  limited  application  In  a  few  of  the  ore-masses  of 
the  mine.  It  certainly  Is  not  applicable  to  the  major  portion  of  those  ores  ex- 
amined by  myself.  Since  the«e  constituted  a  ver.v  complete  and  representative 
series  of  all  of  tbe  ores  there  exploited,  I  feel  that  Mr.  Paige's  hypothesis  of 
origin  by  replacement  of  calcareous  rocks  Is.  to  say  the  least,  highly  Improbable, 


■  Profssilonal  Paper  No.  26,  U.  8.  Qralogkal  Survey. 
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D  TUZFAN  Rivan 

BT  I.  C.  WHITE 

Publiahed  as  pages  S53-274  of  this  volume. 
DiacoaBioH 

Mr.  F.  W.  Db  Wolf  :  This  la  the  flrat  time  I  have  learned  of  the  occnrreuce 
of  petroleam  In  clow  relation  to  Igneoua  rocks.  The  matter  1b  eflpeclall;  inter- 
esting to  me  becatue  of  the  occurreDce  In  southem  IlllnoU  of  Isneoiu  dikes 
which  irlse  through  formations  which  In  adJoumtuK  counties  yield  petroleam. 

I  reoentl;  learned  of  a  coal  mine  In  which  the  coal  Is  partly  coked  by  a  dike 
and  In  which  there  la  said  to  be  considerable  gas.  The  gas  Is  apparoitlj  not 
methane,  but.  at  least  to  a  large  extent,  hydrogen  Knipliide,  which  may  bave 
come  from  a  lower  oU-sand. 

IXADSQUAOT  OF  TBS  8APROPEUC  BTPOTBSBia  OF  THE  ORIOIN  OF  COAL 
BY  EEIWABD  C.  JKFnEV  ' 

( Abstract) 

Potonl^  In  particular  baa  maintained  that  certain  coals  designated  sapro- 
pellc.  laid  down  under  open  water,  are  largely  composed  of  the  structnni  and 
chemical  remains  of  Alg».  It  la  dear,  as  the  result  of  the  employm«it  of 
Improved  methods  of  luvestlgatloo,  that  tbe  structural  elements  In  question 
Hre  not  Algte  at  all.  but  tbe  s|K>re8  of  extinct  Vascular  Crypti^ams.  It  Is 
further  claimed  by  Potonie  that  coals  of  dull  and  waxy  appearance  and  coa- 
cboldal  fracture  alone  belong  to  tbe  group  of  subaqueous  coats  and  that  coil* 
(iresenting  alternating  bands  of  dull  and  bright  subetance  represent  successtve 
epochs  of  terrestrial  and  aquatic  deposition.  This  German  authority  likewise 
maintains  that  coals  entirely  bright  in  ap|M>arance  and  of  more  or  less  pris- 
matic fracture  are  of  excluslvpiy  terreeti'lnl  or  bumic  origin ;  or.  la  other 
words,  represent  the  consolidated  remains  of  former  peat  bogs.  Tbe  purpose 
of  the  present  communication  Is  to  show  tbnt  no  adequate  idea  of  the  structure 
and  mode  of  formation  of  coals  can  be  obtained  from  geological  evidence  alone. 
ThiD  sections  prepared  by  niodlOcntlons  of  biological  methods  make  It  quite 
clear  that  tbe  dull  or  bright  npiiCiiratii-e  or  coiicholdal  or  prismatic  fracture 
of  coals  presents  no  reliable  Indev  of  tbelr  composition  and  mode  of  formation. 
Accompanying  photomlcrographic  Illustrations  make  It  obvious  that  nearly  ill 
coals,  contrary  to  almost  universally  accepted  opinion,  have  been  formed  uDdw 
open  water  and  veiy  few  Indeed  terrestrially  as  peat  bags  or  nccumulatiow 
of  bumuB. 


^Pmentcd  at  tb«  mc*tlnt  oodcr  tbe  title  "QuK  Coast  petroleum  Beidi  of  Huico  te- 
ireen  tb«  Tamesl  snd  Tuipan  rlTFrn." 
■  iDtrodoced  br  David  Wbltr. 
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WATER  AND   VOLCANIC  ACTIVITY  ^ 
av  ABTHU>  I.  DAY  AND  C  B.  SBEPABD 

Published  as  pages  S73-606  of  this  Tolume. 

DiBOQSBIOIT 

Tbe  author  replied  to  questlraia  by  W.  M.  Davis.  R.  A.  Daly.  3.  F.  K^np, 
and  E.  How«  04  folIowB : 

(Davis.)  Small  bnt  unmistakable  pale  blue  Oames  of  burning  sulphur  can 
b«  seen  at  night  during  any  period  of  conidderahle  activity ;  similarly  a  pale 
hlne  flash  following  the  exploRloo  of  a  bubble,  though  with  greater  difficulty. 

(Daly.)  The  position  of  "Old  Faithful"  Is  somewhat  variable  when  the  hanks 
an  falling  In,  following  a  receding  lava  column — perhaps  due  to  partial  choking 
of  the  opening  below. 

(Kemp.)  Water  above  its  critical  temperature  will  circulate  exactly  like 
any  gas — percolate  slowly  through  porous  media,  mix  (or  reach)  with  other 
gases,  etcetera. 

(Howe.)  The  bowl  about  the  liquid  lava,  and  In  fact  the  entire  Island  of 
Hawaii,  Is  porous  and  meteoric  water  falls  on  It.  It  Is  therefore  not  possible 
to  say  that  the  lava  has  no  meteoric  water,  but  the  probability  of  meteoric 
water  entering  the  lava  near  tbe  surface  Is  small. 

QSOLOmO  8BCTIQN  OP  TBB  FASAMA  CANAL  ZONB 
BY  DOHALD  T.  UAC  DONALD ' 


Rock  auceeralon  ot  the  titbmus . . 
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Baa  Obispo  tormatlon 

I^g  Cawadea  agglomerate . , 
Bohlo  coDKtomerate 


Rock  Buccessiob  c 


Within  tbe  Cniial  Zone  are  eleven  dlsllnot  groups  or  formations  of  wbat  may 
broadly  be  designated  an  bedded  rocks.    There  are  also  six  broad  rock  groups 

'  PreeeDted  at  the  meptlng  aader  the  title  "PrelimlDary  report  of  certain  pbyaleal  and 
pbyalochemlcal  obacrvaHons  at  tbe  Kilauea  crater." 
'iDtrodai^  by  JameB  P.  Kemp. 


Digitized  bvGoOgIc 


708  abstkacts  op  papers 

ol  IgneouB  origin.  Of  Uie  former  the  oldest  two  fonuatlona  contain  no  (o«U^ 
BO  tbeir  age  Is  imknown.  Tbe  lower  part  ol  tbe  Bolilo  conglomerate  Is  alw 
of  unknown  age.  Tbe  otber  lormationB  range  from  Lower  Oligocene  to  late 
Pleistocene.  Tbe  Miocene  la,  so  far  hs  known,  not  repreeented  In  tbe  roA 
succeaslon.  Correlation  across  tbe  IstbniuB  is  a  dlfltcalt  matter  becaoae  ot 
eparalty  of  outcrops ;  lience  further  work  may  ellgbtly  modify  tbe  conclusions 
reacbed  bereln. 

NVMBU  1.  Bah  Obispo  I'Vrhatiom 
Tbe  Baa  Obiapo  formatlorn,  tbe  oldest  latbmlan  formatloQ  so  far  known,  and 
probably  of  pre-Tertlary  age.  Is  a  volcanic  breccia  with  some  local  meta-cou' 
glomerate  of  ande^tlc  composition.  It  outcrops  extensively  at  Bas  Obispo  and 
near  Old  Panama,  and  small  outcropa  rise  above  tbe  alluvium  near  lliraflons 
and  Diablo  Ridge. 

MuuBEB  2,     Laa  CiacADis  Aquloueeiti 

Tbe  Las  Cascades  agglomerate  overlies  tbe  basal  breccia  and  outcrops  ex- 
tensively along  tbe  canal  betweeu  Empire  and  Las  Cascades.  It  conslats  of 
greenlsli  to  gray  basic  agglomerate,  wblcb  contains  lar};e  and  small  subangular 
fragments  in  a  tlne-gralned  ground-mass  of  volcanic  day  and  tuff.  Tbe  wbole 
la  arranged  In  massive  to  rougbly  bedded  unconformable  ileposits,  interbedded 
witb  wbich  are  andesltk-  flow  breccias,  some  fine-grained  graylab  and  KMne 
coarse-grained  dark  andeeltlc  flows,  and  a  few  easily  crumbled  lava  mud  flows 
wblcb  sbow  columnar  Jolutlng  wbere  exposed  In  tbe  canal,  llie  wbole  la  cut 
by  large  and  small  basalt  dikes. 

NuMUBR  3.     Bun[o  Co.touiuEaiTt: 

Tbe  Boblo  conglomerate  consists  of  two  members.  The  lowermost  of  ibeae 
Is,  so  far,  of  Indeterminable  age,  but  seems  to  be  t.'onslderably  younger  tban 
tbe  Las  Cascades  agglomerate.  It  consists  of  gravel,  (nbbies,  and  boulders  vp 
to  several  feet  In  diameter,  fairly  well  bedded,  but  locally  luasslve.  laler- 
bedded  witb  the  coarser  material  are  sanilslone  and  arglUite  layers.  The 
uppermost  memlier  is  of  the  same  general  (.-omiMsltlon,  but  contains  some  beds 
of  dark  gray  foramlnlferal  marls  probably  of  early  Ollgooene  age.  Tbe  cobbles 
and  boulders  in  both  formutloiis  are  cbei-tM.  luiilesltes.  and  diorltes  In  compoal- 
tlou.  and  were  derived  from  tbe  older  IntruHlve  masses  of  Igneous  rock,  now 
found  at  Intervals  along  tbe  central  part  of  tbe  Istbmtan  region.  Tbe  forma- 
tion Is  probably  nearly  1,000  feet  tblck,  and  it  outcrops  exteo^vely  In  the 
vicinity  of  Bobio  and  between  Gamboa  bridge  and  Catnilto  Junction. 

NuuBKB  4.  The  CuLseai  Fohhation 
Tbe  Culebra  formation  Is  tbe  oldest  series  that  has,  so  far,  yielded  many 
determinable  fossils.  Doctors  W.  H.  Dall  and  T.  W.  Vaugban  regard  its  fauaB 
as  possibly  marine  Eocene,  but  very  likely  Lower  Oligocene.  When  tbey  have 
carefully  studied  tbe  coilectlouH.  tbe  question  of  age  will  be  cleared  up.  The 
formation  consists  of  an  u|)|>er  and  a  lower  member.  Tbe  lower  member  (a) 
consists  of  dark,  well  laminated  beds  of  soft  shales,  marls,  and  earboDaceooa 
clays,  witb  some  pebbly,  sandy,  and  tufaceoua  layers,  and  a  few  tbin  beds  of 
llgnltic  shale.  It  outcro|»  In  Culebra  Cut,  near  Culebra,  and  near  Pedro 
MigueL    Tbe  upper  member  (h)  consists  of  beds  and  lenses  of  sandy  lime- 
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Stone  to  calcareous  saadstone,  3  to  10  feet  thldc,  serrated  by  partings  of 
carbonaceoua  clays  and  fiDe-bedded  tuffs.  Tbls  formation  Beems  to  be  at  least 
500  feet  thick. 

NOUBia    Q.      CttCUKACHA   FOBliATIO:« 

The  Cucuracba  formation  coaslets  of  greenlsb,  flae-graiaed  clay,  with  some 
local  Red  Beds.  It  is  fairly  massive,  but  contains  a  few  beds  of  llgnitlc  shale, 
some  lenses  of  gravel,  sandy  beds,  and  one  extensive  flow  of  gray  aodesltlc 
luva  about  20  feet  thick.  It  outcrops  along  the  canal  near  Rio  Qrande  and  on 
both  sides  of  Oold  and  Contractors  hills.  Its  chemical  composition  Is  ande- 
aitic,  it  Is  cut  by  some  basalt  dikes,  and  Is  about  400  feet  thick. 

NUHBEB  6.      Emfebaimib  Liuestone 

The  Emperadot  limestone  lies  uncoarormably  on  several  of  the  older  beds. 
It  Is  a  light-colored,  fairly  pure  limestone,  which  contains  many  corals,  some 
pelecypods,  and  other  marine  fossils,  its  outcrops  are  somewbat  flaggy  and 
occupy  comparatively  small  areas.  Near  Las  Cascades  a  section  cut  by  the 
canal  sbows  five  distinct  beds,  some  of  which  ure  marly  sandstone.  The  lower 
beds  are  4  to  0  feet  and  thi:  u]>|>ei'  one  about  25  feet  tiilck.  The  formatlou 
outcrops  northwest  of  Empire,  soutli  of  Las  Cascades,  on  the  relocated  line  of 
the  Panama  Railroad  neiir  San  I'nblo,  near  PrlJolcH.  In  the  swamp  southeast 
of  Diablo  Ridge,  and  extensively  near  Alhajuela.  This  limestone  is  referred 
by  Doctors  Dall  and  Vaugban  to  the  I»wer  Ollgocene. 

NiiuBEB  7.     Caiuito  Form*t:on 

The  Calmlto  formation  consists  of  four  parts,  any  one  of  which  may  be 
absent.  Tbese  are  (o)  a  light  gray  marly  argllllte,  which  overlies  the  Em- 
I>erador  limestone ;  (b)  n  yellowish  and  somewhat  spherical  weathering  argll- 
lltlc  sandsbine,  wlilch  is  bluish  gray  on  fresh  fracture;  (e)  n  peculiar  cal- 
careous conglomerate  with  some  fragments  of  much  decayed  basic  rocit,  which 
locally  gives  a  brighl  ureen  stain  to  small  putclies  of  tiie  formation  ;  (d)  more 
jellowlsh  splierlcal  wptitheriug  urglllitic  sniiiisloiie.  "-l"  is  found  mostly  over- 
lying the  limestone  and  in  immediate  contnd  with  It ;  "b"  and  "<)''  may  be  seen 
iu  the  section  at  Bald  Hill,  north  of  Uirnflores.  and  "b "  Is  thoi^ht  to  be  the 
i-ock  which  ouleroiw  In  the  Cluigres  Itlver  at  Barbacoiis.  near  San  Pablo.  "C" 
outcrops  at  Bald  Hill,  extensively  at  San  I'nblo,  and  at  the  site  of  the  pro- 
posed wireless  telegraph  station  opposite  San  Pablo.  This  whole  formation 
lias  at  least  400  feet  of  tblckoess. 

NUUBEB  8.        PXNAilA    F'OBUATIOS 

The  Panama  fonnatlon.  first  named  by  Mill  in  his  bulletin  on  the  geology  of 
I'anama.  is  a  light-colored,  wdl-bedded  tulT  somewhat  acid  In  compositiou  and 
locally  containing  Iwds  of  argllllte  and  sandy  marl.  It  has  n  few  fossils  and 
imtcrops  extensively  from  Mlraflores  to  t'nnama  and  locally  In  some  other 
ritaces.    Tlie  formation  is  at  least  400  feel  thick  and  overlies  the  Calmlto  beds, 

Ndubeb  9.     GiTUN  Formation 

This  formation  consists  of  three  members :  (a)  About  600  feet  of  marls  and 
arglllltes  containing  many  marine  fossils  and  some  beds  of  soft  sandstone  and 
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congloroerate.  It  le  dark  gray  In  color,  except  locally,  wtaera  many  brown 
ttpecka  Indlcatiag  fragments  of  organic  material  are  Hbown.  ^b)  Hoitl7  fine. 
soft  snndstoue  for  about  100  feet  tblcb,  contatnlug  a  few  foralle.  (c)  Light- 
colored,  Indurated  clay  beds.  Tbe  formation  Ix  very  eztenslTe  aiid  conatttuteA 
tbe  foundation  on  wblch  tbe  Gatun  locks  are  built.  Tbe  apper  part  of  tbe 
formation  we&tbera  into  red  clay,  aud,  except  wliere  thu  la  cut  tbrougb  by 
atreams.  It  covere  tbe  aolld  rock  to  a  deptb  of  20  to  20  feet.  Large  collections 
of  foBsUs  bave  been  made  from  tbeoe  beds,  and  from  a  study  of  them  it  la 
knon-n  tbat  tbe  formation  waa  deposited  in  Ollgocene  time.  Tlie  light-colored. 
Indurated  clay  beds  forming  tbe  upper  part  of  ttie  Qatuii  series  seem  to  corre- 
spond to  tbe  Panama  formation,  wblle  tbe  Calmlto  formation  Is  probably  tbe 
equivalent  of  the  middle  and  the  lower  Gatun  beda. 

NDHBn    10,       CaB[BDBAH    LtllKBTONB 

The  Caribbean  limeatone  (Oabb'a  antinite)  Is  a  sandy  fragmental  llntestOQe. 
locally  a  coqulna  or  shell  marl.  It  fringes  tbe  Caribbean  coast,  forming  low 
blutTs  on  many  of  tbe  headlands.  Near  tbe  river  months  and  the  lower  enda 
of  vall^s  ft  is  generally  absent  It  outcrops  at  Toro  Point,  weat  of  Gatun 
Dam,  at  the  mouth  of  the  Chagrea  River,  and  Is  the  rock  from  which  Fort  San 
I/>renEo  was  built.  From  Its  fossils  it  Is  provisionally  referred  to  the  Pliocene. 
In  Costa  Rica  this  limestone  fringes  tbe  Caribbean  shore  In  many  places,  and 
Inland  from  it  are  arglUlte  beds  of  the  same  age. 

NCMBIR  11.      PLaiSTOCaHl  FOKHATIONB 

These  consists  of  (a)  bench  gravda  np  to  100  feet  above  preeoit  river  ler^a; 
<&)  Swamp  formations  filling  old  cdiannds  to  d^iths  of  S76  feet  below  present 
sealevels;  <c)  river  gravels  10  feet  above  present  flood-plain  levels;  old  sea 
beaches  6  to  10  feet  above  present  beach  levels;  (d)  shoals,  beaches,  and 
present  river  aQnvlum. 

The  old  channels  mentioned  under  (b)  were  cut  out  by  the  rivers  when  tbe 
land  stood  at  least  400  feet  higher  than  It  now  Is.  It  then  slowly  sank  to 
about  8  feet  below  its  present  level.  Its  last  motion  was  upward  8  feet,  Uf 
shown  by  the  geologically  veiy  recently  raised  beaches  west  of  Llmon  Ba,v. 
and  at  many  other  points  westward  Into  Costa  Rica. 

lOKEOUB  ROOKB 

Tbe  groups  of  Igneous  rocks  are:  (1)  Quartz  dlorites  and  granldc  rocks, 
auch  AS  that  of  Cocovt  Island  and  tbe  granitic  Boat  ]o<nlIy  found  In  the  Chagrfw 
River  wash,  Indicating  granite  outcrops  somewhere  within  the  river  valley : 
(2)  andeeltlc  rocks,  as  at  Point  Farfan,  opposite  Batbon,  locally  In  Cul^ra 
Cut  and  at  other  jilaces  within  the  Chagres  River  basin,  as  evidenced  by  tbe 
andeslte  pebbles  iu  the  wssb  of  that  river;  (3)  rbyolltic  nM-ks,  ns  at  Ancon 
Hill,  the  rock  used  In  tbe  concrete  of  the  Pacific  locks;  (4)  basalts,  as  at 
ParalBo,  the  top  part  of  Gold  Hill,  near  Rio  Grande,  and  locally  as  dikes  In 
Culebra  Cut  as  well  as  at  many  other  places  within  the  Canal  Zone;  (5)  mud 
lava  OowB  and  breccias,  as  shown  locally  between  Empire  and  Las  Cascades ;  - 
(6)  meta-aedlmenls  and  breccias,  some  of  which  may  have  been  pushed  up 
cold,  as  crown  masaea  on  top  of  basalt  IntmslouB.     Genetically  these  latter 
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rocks  are  a  peculiar  aod  distinct  tj'pe,  wbtcti,  ao  fur  aa  known,  bave  not  pre- 
TtouBly  been  described  In  geology.  Gold  Hill,  Contractors  Hill,  and  Empire 
bridge  breccia  and  some  of  tbe  Paraiso  breccias  are  of  tbla  tj'pe. 

OSOLOalOAL  LIQBT  FROM  THE  OiTBKlLL  AQVBDUCT 

BY  CBABLZa  P.  BEBKIT 

DlBCUBAlOK 

Dr.  J.  W.  Spenceb;  Tbe  topograpblc  feeturee  of  tbe  Hudson  Valley  suggests 
tliiit  tbe  Hlgblands,  near  Weat  Point)  formed  a  dividing  ridge,  from  wblcb  tbe 
dralunge  passed  both  soutbwerd  to  New  York  Harbor  and  nortbward  to 
Cbamplaln  and  tbe  Saint  Lawrence,  altbongb  It  is  now  trencbed  by  tbe  river 
ebannel.  Tbe  country  has  risen  In  poBt-Olaciel  tlmea  to  the  nortb,  as  sbown 
by  Woodwortb.  but  ao  far  tbls  defonnatlon  and  tbe  filling  of  tbe  burled  cban- 
nels  is  not  anOtcleut  to  account  for  the  deptb  of  tbe  pre-Gladel  valley  at  Storm 
King,  but  deeper  channels  may  be  found.  In  the  meanwhile  there  Is  a  dispo- 
eltlon  to  conclude  tbat  It  whs  due  to  glacial  erosion ;  but,  if  so,  bow  did  It 
occur  In  tbe  very  hard  rocks  when  the  lake  bBslns  In  soft  rocks  were  not  due 
to  glacial  erosion?  Tbls  question  needs  to  be  answered.  Recent  gravity  meas- 
urements suggest  a  faulting  In  this  region,  and  mucb  must  be  learned  before 
tbe  origin  of  the  deep  channel  at  Storm  Sing  can  be  explained. 

A  CLASSIFJCATIOH  OF  llARISB  DMPOBITB 
BY  AMADBU8   W.   OB&BAD 

iAbitraet) 

Of  tbe  published  classlficntlons  of  marine  deposits  that  of  Murray  and  Re- 
aard  (Chaltenger  reimrt)  Is  perhaps  the  best  known,  being  generally  found  In 
text-bocAs.  Its  three  main  divisions  Into  deep  sea,  shallow  water,  and  littoral, 
or  slwre,  are  baaed  on  tbe  locality  of  d^MRltlon,  tbe  source  and  character  of 
tbe  material  receiving  only  minor  consldertitlou.  While  convenient,  such  a 
classification  can  not  be  considered  strictly  Koientlflc.  Otto  KrUmmel  (Hand- 
buch  der  Ozeanograpble,  Band  I.  p.  162)  glvea  a  more  «<atlsfactory  subdivision, 
though  bis  divisions  are  not  always  of  tbe  same  type.'  He  uses  tbe  term  lit- 
toral in  the  wide  sense,  including  the  region  from  high  water  to  the  edge  of 
the  continental  shelf,  a  use  of  tbe  term  which  to  me  seems  the  most  logical  and 
satisfactory,  as  elsewhere  advocated. 

In  any  logical  classification  of  ninrtne  deposits  tbe  distinction  between  areas 
of  deposition  and  types  of  deposits  must  be  clearly  kept  in  mind.  The  areas  of 
deposition  comprise  (1)  the  lUlaral  dittrict,  with  Its  two  zones,  (a)  tbe  shore 
and  lb)  the  neritic;  (2)  tbe  balhyl  district,  and  (3)  the  abvstai  dUtrict, 
Oceanic  deposits  must  be  classified  first  as  to  their  origin  and  next  as  to  their 
mode  of  occurrence.  This  la  aimed  at  In  the  following  table  of  oceflutc  de- 
posits :' 


>  Far  a  statfinrnt  of  Murray's  and  Krdmnifl'ii  cLMuincatloD,  with  crltJclroi.  bcc  A.  W. 
Oratma  ;  'Trlndplea  of  StratlRraph.v."  pp.  fl4a-fi4n. 

•  For  dfUlla  nee  A.  W.  Grabau  r  "PrincIpleB  of  atralljtraphj."  cbaptera  U  (cbcmlcal), 
%  and  il  (OTiaDti;).  aod  it  (clsailc)  dcpoalta. 
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A   HEW  CL&BBintMTION  or   If  ABIHK  DEPOBrTS 

I.  Marine  BYcnooBNics  (  halmybooehic)  d^toslts,  or  dianlcal  precipitates 

froin  the  sea-water. 
II.  Marine  biooxkics.  or  organic  depoBtta  of  marine  orlgtu. 

A.  Beivthobic,  or  llyiog  on  tbe  aea-bottom. 

1.  Lfflonil— orlgiaatlDB  la  littoral  district. 

a.  Shora  tone: 

{!)  'autOL-bthonoufl,  or  growing  f»  nitu. 

(2)  allocbtliouous.  or  cast  up  from  deeper  water. 

b.  KeritUs  or  ahalloie-ieatef  tone: 

(1)  autochthonoua— growing  In  nilu. 

(2)  allochtbonauB — transported  nsually  from  stiore  sone. 

2.  Baihgal  (betwt^eii  200  and  000  meters ;  tbe  batliyal  zone) : 

(1)  autoctatbonous. 

(2)  allocbthoiioua — transported  usually  from  littoral  «oue. 

3.  Abymal  (below  000  meters  In  deptb) : 

(!)  autocbtbonous. 

(2)  allocbthonouB — transported  from  tbe  littoral  or  batb- 
yal  regions. 

B.  Telaoic.  or  Ilvbig  In  tbe  open  ocean  and  ita  estenslon  Into  (be  sbore 

Indentations,  eltber  ns  ]>1anktoii  or  nekton.* 

Tbeee  mar  settle  In  tbe  Littoral,  Batbyal,  or  Abyssal  districts,  r^ 
malulng  eltber  In  place  or  more  or  less  rearranged  or  worked  over, 
esijeclally  In  sballow  water,  whence  tbe;  may  be  ciihI  on  uliorp  and 
t-ven  blown  Inland.  In  tbe  Batbyal  and  .\liyssal  dlHlrii'Is  tlioy  form 
jiure  organic  ouzes. 
III.  Maeine  CI.A8TICS.    Fragmentfil  material  worn  off  by  or  In  tbe  sea. 

A.  Hydeoci^btics — worn  off  or  rearranged  by  tbe  sea-waves  or  enrrentf. 

1.  Terrigenous,  or  land  derived: 

n.  from  ronllnents.  including  continental  Islands. 
b.  from  oceanic  Islands,  exclusive  of  coral   reefs  and   otber 
organic  deposits. 

2.  Thalaxsigriinux.  or  sea'-derlved : 

o.  onianic  lime-sand  and  mud,  derived  from  coral  reefs,  from 
nullipore  reefs,  sbell  deposits,  etcetera. 

b.  derived  from  balmyrogenlc  or  cbemlcal  deposits.  Clastic 
material  derived  b.r  destruction  by  waves  of  cl>Mntcal  de- 
posits formed  by  tbe  sea  (not  positively  known).  Cbon- 
Ically  formed  marine  oolites  wb«i  worn  by  waves  may 
i-ome  under  tbis  bead. 

B.  Btocusncs— rock  material  broken  up  by  marine  orgaulsnis. 

Marine  bloelastlcs.    Tbese  may  be  classed  according  to  tbe  source 
from  whicb  tbe  material  wiis  originally  derived,  as; 

1.  Terrlffciiovn,  from  continents  and  Islands. 

2.  Thala»9igeno>i».  from  coral  reefs,  etcetera. 
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IV.  UAXum  D^wucTB,  or  stragKlen  from  other  realms.    Tbese  may  be  de- 
posited in  the  Littoral,  Bath7al,  or  At^isal  dletricts. 

A.  LAND-nnuvED,  eltber  from  (nntlnents  or  lelanda. 

1.  Terrtttrial,  derived  from  the  land : 

a.  Ort/anto — land  plants  or  animals  floating  oat  to  sea  or  rafted 
seaward  (as  aud«r  b)  and  deposited  in  tbe  Littoral,  Batb- 
yal,  or  Abyssal  districts.  (Microorganisms  blown  out  to 
sea  witb  tbe  dust  would  also  be  classed  here.) 

B.  /norffOfiJo^rocks,  sand,  gravel,  etcetera,  rafted  from  land 
and  deposited  in  the  Littoral,  Bathyal,  or  Abyssal  districts. 
According  to  the  method  of  transport,  we  have: 

(1)  plant  rafted — rockii,  etcetera,  held  by  roots  of  flout- 

ing treee,  etcetera. 

(2)  animal  rafted — stones  In  stomach  of  modem  sharks 

and  seals,  and  of  Jurassic  Mystrlosaunis  and  Fie- 
siosaTirnB.  as  well  as  In  tbe  stomachs  of  many  land 
animals  which  may  float  out  to  sea. 

(3)  ice  rafted — by  Icebergs  and  floating  lee-cakes. 

(4)  itfnit  rafted — wlud-blowii  dnst  or  sand,  and  volcanic 

material  brought  from  the  land. 

(5)  nhip  ra/(ed^Kabst»iiceH  mrrled  out  by  ships  or  iuhh- 

made  mfts  and  cnst  overboard  or  deposited  on  the 
foundering  of  the  ship. 

(6)  carried  into  tbe  sen  by  slipping  or  gilding, 

2.  Aquatic — derived  from    tbe  rivers  and  estuaries.     This   would 

comprise  chiefly  river  antninis  and  plants  which  have  been  car- 
ried out  to  sea. 
8.  Derived  from  adjacent  Mffhcr  xnnc  by  gliding  or  thrusttog. 

B.  ATIIOSPHEBICAU.T  DEBITED. 

since  tbe  chief  ntmogeiiic  solids,  "n'lir  mid  hail,  bave  only  a  tem- 
porary existence,  deposits  from  ttain  source  may  be  neglected.  Rare 
cases  of  organltmt,  sucb  as  sea-btrds.  wblcb  spend  most  of  their  lives 
in  the  sir.  miftht  perhaps  be  Included  bere,  but  they  may  as  well  be 
classed  with  terrestrial  derelicts. 

C.  Meteoric,  of  EJxtbateixubic  obioin. 

Here  belong  tbe  cosmic  dust  and  the  meteorites. 

D.  Or  SrsCKUSTAL  omoin. 

This  lnclades  volcanic  eruptions  beneath  the  sea  and  on  tbe  coast, 
so  that  both  pyr<^«iics  and  pyroclastlcs  flow  or  are  projected  Into 
tbe  sea.  The  direct  pyroclastlcs  merge,  of  course,  into  the  wind-trans- 
ported pyroclastlcs. 

Discussion 

Prof.  J.  Babreix:  A  classification  makes  for  sharpness  of  thought  and  must 
precede  analysis,  so  that  I  am  in  general  sympathy  with  Professor  Grabau  on 
the  purpose  and  propositions  of  his  paper  "A  classlflcatlon  of  marine  deposits," 
but  t  wish  to  make  a  few  comments  on  details. 

There  is  objection  to  tbe  nee  of  the  word  "littoral"  In  the  vague  senu  hue 
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employed.  Ttae  dli^tlonarles  define  "llttorBl"  as  tbe  Kone  of  shore  betwe^i  blKh 
and  low  tide.  Such  a  xone  bae  definite  geologic  aad  biologic  cbaracterlsUcH. 
It  Beema  unfortunate,  tben.  tbat  a  loofe  and  vague  use  of  ttUa  word  abonid  be 
glren  scl^itlfic  sanction  merely  becuu^e  certalu  zoologists  bave  bo  employed  It 

Tbere  is  also  a  question  if  for  present  purposes  so  much  nae  need  be  made 
of  tbe  Greek  language  for  terms  but  peldom  used.  For  example,  "aballow  sea 
deposits"  Is  a  term  perfectly  clear  and  quite  as  abnrp  ns  the  Greek  form  used 
111  tbls  classification.  A  system  of  classification  sbould  require  as  Utile  mem- 
orixing  of  unfamiliar  terms  as  poaxlble  In  order  to  comiiuind  lt«  acceptance. 

On  onedlTlslon  of  Professor  Grabau's  classification  I  wish  to  place  ^nphaslH. 
It  may  have  seemed  that  bis  divisions  of  "rafted  material"  Illustrated  pushing 
a  classification  to  a  futile  extreme.  On  tbe  contrarj',  I  have  been  Impreved 
with  Darwin's  statement  that  at  a  distance  of  several  hundred  miles  from  the 
shores  of  tbe  Sahara  the  water  was  perceptibly  colored  by  dust  blown  from  the 
desert  Off  the  leeward  shores  of  Australia  the  same  phenomenon  has  been 
noted;  there  the  air  and  water  are  at  times  laden  with  dust.  Tbe  abundance 
of  finer  clastic  material  which  Is  carried  In  this  way  suggests  that  a  consider- 
able source  of  the  clay  of  certain  ancient  argillaceous  limestones  may  be  from 
wtnd-bome  dnst^—eollan  deposits  of  the  sen. 

Material  rafted  by  trees  and  Ice  must  also  contribute  perceptibly  to  certain 
deposits,  when  we  consider  tbe  slowness  of  accumulation  on  the  bottom  of  the 
deep  open  seas  of  water-borne  material  settling  from  suspension.  Tbe  Challen- 
ger expedition  In  one  dredge-load  from  tbe  central  Pacific  recovered  l.SOO 
sharks'  teeth  and  60  ear  bones  of  whales,  which  means  that  If  all  tbe  life  were 
put  iMick  Into  the  sea  which  had  existed  during  this  accumulation  many  sbarkf 
and  whales  would  have  to  occupy  at'  the  same  time  the  narrow  vertical  prbnu 
of  water  above  this  piece  of  bottom.  In  view  of  this  slowness  of  natural  depo- 
sidnn.  roan  ban  bt-coroe.  as  In  many  other  rectlons  of  the  earth,  an  Important 
geologicHl  ngent.  Tbe  oxidised  and  Inorganic  debris  which  be  throws  over- 
board from  ships  must  already  mark  out  the  steamer  lanes  across,  eepeclally 
the  abyssal  ocean  bottoms.  The  unnlternble  materials  which  he  contributes 
most  abundantly  to  tbe  deposits  of  tbe  sen  are  coal  ashes,  broken  dishes,  and 
bottles.  These  are  being  permanently  Incorporated  In  tbe  crust  Th^  will 
endure  long  after  the  monuments  which  he  erects  above  hai^lerel  shall  have 
crumbled  and  been  removed  by  erosion.  These  geologic  records  will  be  up- 
lifted and  exposed  lu  places  by  future  crustal  movements  and  shall  link  the 
distant  future  to  that  past  which  is  ttte  present  It  is  seen  In  the  light  of  these 
facte  that  tbe  name  being  recorded  most  widely  and  Indelibly  on  the  earth  at 
the  present  time  Is  the  name  of  him  who  made  Milwaukee  famous. 

.l.VD   TBB   SAINT 


Published  as  pages  217-228  of  tliis  volume. 
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DiBcusBion' 

['rof.  D.  W.  Johnson  wtHbed  to  know  how  fiir  errors  In  determining  the 
audent  water  pliine  nt  difTereut  plncen  akiDg  tlie  abandoned  Bhoretlnes  would 
lutrodtice  errors  Into  tbe  determlnatlona  of  preeence  or  absenre  of  present 
tilting. 

Referring  to  a  queMtlon  raised  by  Professor  Davis,  Professor  Jobnson  pointed 
out  that  Goldtbwalt's  work  on  tbe  abandoned  sliorelliies  along  Lake  Micblgau 
iieemed  to  sbow  tbnt  imcleut  tilting  did  not  affect  tbe  xouthem  part  of  tbat 
region,  but  tncreaced  towitrd  tbe  nortb. 

Dr.  Sfenceb  replied:  In  determining  the  deformation  by  trlangulation  of  tlie 
heights  of  tbe  tilted  benches  at  various  poiiitn.  tbe  measurements  are  very  dose 
and  tbe  figures  large,  so  that  for  nil  points  west  of  Watertown  tbe  results 
prnctlcallf  eliminate  the  perMual  equations.  East  of  Watertown  fuller  meas- 
iireuents  may  slightly  modify  the  results,  but  these  may  be  taken  ns  approxi- 
mately correct. 

Wbile  the  location  of  the  maximum  deformation  Is  near  latitude  40*  nortb, 
longitude  76°  west,  the  axis  appears  to  follow  that  of  tbe  Laurentlan  High- 
Itinds,  as  suggested  by  Dana  and  Qoldtbwaif.  Accordingly,  tbe  deformation  In 
the'  Michigan  and  Superior  district  trends  to  tbe  mountain  zone  west  of  tbe 
region  of  maximum  deformation,  which  Is  tbe  most  soutbem  lobe  of  the  Lau- 
rentlan Highlands.     The  same  should  be  true  for  tbe  country  to  tbe  east 

Wblle  tbe  rate  of  movement  Increases  to  the  northeast  or  uorth,  it  decreased 
to  almost  zero  atxtut  tbe  head  of  Lake  Erie  and  Lake  Michigan,  so  that  tbe 
deformation  disappears  In  tbe  Interior  of  tbe  continent.  All  of  these  features 
are  found  in  the  tilted  l»eaebea  of  the  Lake  region,  beyond  which  other  data 
must  be  Bougbt  to  elucidate  tbe  recent  earth-movements ;  hut  some  of  these  are 
at  hand. 


(Atigtraet) 

In  tbe  greater  number  of  coals  there  is  present  a  suttstance  variously  known 
as  "Mother  of  Coal,"  "Fusaln."  "Faserkohle."  etcetera.  This  has  generally 
been  interpreted  as  tbe  cliarred  remains  of  wood  or  as  the  remains  of  woody 
structures  which  have  escaped  tbe  process  of  carbon Iflcatlon,  tn  wlilcb  tlie 
woody  tissues  In  general  are  c^ubjected  In  coal.  As  the  result  of  tbe  investiga- 
tion of  coal  by  Improved  methods,  which  permit  of  tbe  preparation  of  success- 
ful sections,  even  of  tbe  most  reslstent  coals,  such  as  anthracites,  etcetera,  tbe 
author  has  satisfied  himself,  by  the  examinations  of  coals  of  wide  geological 
and  geographical  range,  tbat  tbe  so-called  mother  of  coal  Is  In  reality  tbe 
cbarred,  or  partially  charred,  vestige  of  woody  slructurett.  Its  presence  In  the 
coal  Is  accordingly  nn  Interesting  problem.  It  has  been  made  out  In  all  the 
coses  yet  examined  tbat  mother  of  coal  is  Invariably  accompanied  by  large 
quantities  of  Qattened  spores,  and  the  general  structure  of  the  coals  In  which 

ilDtrodneed  br  Dftvld  White. 
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ll  bB8  been  studied  is'sucli  as  to  warrant  the  ronolmlofi  tbat  ttaejr  bave  beea 
laid  down  under  open  water.  It  follows  tbat  coals  containing  motber  of  coal 
are  not  derived  from  the  transformation  of  peat  bogs  into  ciMl,  as  Is  almost 
uniTersally  assumed,  but  owe  their  origin  to  sedlmentair  deposits  of  vegetable 
matter  In  open  ponds  or  lakes.  Since  the  presence  of  mother  of  coal  In  coals 
other  than  cannels  and  boghead  or  oil  shales  Is  almost  universal.  It  follows 
tbat  our  Idess  of  the  roudttlons  under  which  coal  has  been  formed  must  be 
very  radlcallj  modified.  It  follows  also  that  the  qnestlon  of  tbe  conserratlon 
of  coftl  deposits  has  an  added  Importance  from  the  realization  of  the  extreme 
slowuess  with  which  thej  bave  been  formed.  The  paper  Is  llluBtrated  by  a 
number  of  colored  photomlcrograme  of  coals  of  the  United  States,  Bnrope,  and 
Australasia. 

POTTeVILLK-ALLKQHBtn  BOVNDART  IK  TBB  IXTBRIOR  PROVISCB 
BY  DAVID  WHITE 

(Abttrttct) 

The  ConI  Measures  of  these  States  do  not  so  frequently  contain  well  preserved 
plant  reiniiiuM  an  do  thoHc  of  tbe  Appalachian  trough,  on  account  of  tbe  near- 
iiesH  of  ttic  con  1 -forming  HW'nni]js  and  marshes  to  sealevel  and  tbe  frequmt 
HUbmer^ciii'e  l)ciieii(h  Hnlt  or  brackish  water  when  the  rate  of  subsidence  was 
b>o  great  or  protectlre  barriers  were  breached,  thus  sometimes  permittli^  tbe 
luvaslou  of  sbonl-n-ntcr  marine  molluKcan  faunas  over  the  areas  of  underlying 
tieat.  The  paleobotanlc  materlBl  la  hand  Indicates  early  Allegheny  age  for 
coal  "No.  2"  ( Murphy sboro,  Colchester,  Miizon  Creek  coals)  of  Illinois,  and 
the  refereiue  of  cool  "No.  1"  to  the  PottsTlIle,  the  associated  stoneware  clays 
of  the  State  being  distinctly  Upper  PottsvIIlc  (probably  ConnoquenesBlng)  in 
Uge.  Oil  both  ]>Hleobotnnic  and  strntlgropbtc  grounds  the  Bevler  coal  of  tbe 
Missouri  flclclH  Is  regarded  as  probably  equivalent  to  coal  "Xo.  2"  of  Illinois, 
the  Tebo  coal,  next  lower  In  Missouri,  being  apparently  of  Upper  Pottsvllle  age. 
In  both  basins  the  Pennsy  Ivan  Ian  sea  entered  from  the  south,  permitting  tbe 
deposition  of  earlier  beds  to  tbe  southward,  and,  toward  the  close  of  PottsvUle 
time,  encroached  on  the  old  land  to  tbo  north  throughout  a  region  Indndlng 
the  greater  part  of  the  present  coal-field  area.  In  Missouri  the  overlap  was 
strongly  northeastward. 

ORIGIN  OF  TUB  BAUD  ROCE  PHOBPHATB  DEPOBITS  OF  FLORIDA 


(Abstract) 

Some  of  the  problems  to  be  accounted  for  In  the  origin  of  tbe  bard  nxA 
phosphate  d^xtslts  of  Florida  ore:  (II  The  source  of  the  phosphate  and  of 
tbe  other  materials  of  wbicb  tbe  deposits  are  made  up.  Including  sands,  claya, 
flint  pebbles,  phosphate  and  flint  boulders,  and  limestone  inclusions ;  (2>  tbe 
Intimate  admixture  In  the  deposits  of  these  diverse  materials;  (3)  the  pro- 
cesses by  which  the  phosphate  and  flint  boulders  have  formed ;  (4)  tbe  localisa- 
tion of  the  workable  deposits  of  phosphate;  (5)  tbe  limitation  of  tbe  hard 
rock  phosphate  area  to  a  particular  and  well  mailed  phyBlograpbic  t^M  of 
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coantrr.  The  explanation  offered  !■  ae  follows:  The  Upper  Ollgoceue  forma- 
tlMia  and  some  later  depoBlte,  now  found  on  tbe  uplands  boiderlng  tbe  bard 
rock  phospbale  flelde,  formerly  extended  directly  acrose  tbe  country  tbat  In 
now  the  bard  rock  phoepbate  area.  The  disintegration  at  tbeae  formations 
supplied  tbe  mlacellancous  material  of  which  the  deposits  are  composed;  the 
solution  of  the  underlying  Vlckstiurg  limestone  permitted  Irregular  and  Inter- 
rupted Bubsideuce  through  tbe  forroatiou  of  sinks,  accounting  for  the  mixing 
of  these  materials ;  the  phosphoric  nctd  was  Kupplied  from  these  overlying  de- 
posits, particularly  from  the  Upper  Oiixoceue  fommtloiin,  whicb  are  known  to 
be  very  generally  pbosphntlc  throughout  their  entire  extent  over  weHteni.  north- 
em.  and  central  Florida  ;  tbe  phosphate  and  flint  boulders  were  formed  cbeml- 
ctilly  through  the  ni^icy  of  |)pr(vlatlng  wnter;  tbe  hard  rock  deposits  are 
localized  ttecnuee  the  material  tu  which  they  accumulated  Is  lacking  in  uni- 
formity; local  variations,  particularly  the  presence  of  clay  lenses,  and  other 
conditions  which  interfere  with  tbe  free  circulation  of  water  favored  tbe  for- 
matlOQ  of  phosphate  boulders;  tbe  plate  rock  represents  fragments  of  disinte- 
grated boulders;  the  bard  rock  phosphate  deposits  nre  limited  by  reason  of 
their  mode  of  origin  to  a  particular  stage  of  physiographic  development.  In 
which  phos|>hate-bearlng  formations  have  disintegrated  overlying  a  limestone 
substratum,  thus  formlni:  conditions  faTorable  for  the  downward  moveuient  of 
rain  water  carrying  tbe  phosphoric  acid  which  reaccumulated  at  a  lower  lerel. 

ALTBRATIOH  PROCBSSEa  ASD  PRODVCTB  WITBIV  TBB  QRSWJLLK 


iAUtracl) 

The  following  views  have  been  derived  chiefly  from  study  of  tbe  Orenvllle 
formation  during  several  visits  to  Hull.  Argenteuil.  Rlpon.  Qrenville,  North 
Burgess,  etcetera.  Canada,  and  to  tlie  Adirondack  reglonn.  Tbe  phenomena  to 
which  tbe  (irenville  Ihnentones  owe  their  special  interest  are  found  to  be 
simply  eiplahied,  partly  by  tbe  reactions  involved  during  alteration  of  tbe  doto- 
mlt«  (for  example,  "eozoon"  structure)  and  partly  (graphite  and  apatite)  by 
probable  derlvatlcm  from  alteration  of  early  organic  forms — vegetable  and 
animal. 

In  tbe  Grenville  limestone  proper  tbe  evidences  of  derivation  from  detrital 
sedlmmts  (rather  than  chemical  precipitation)  consist  of  the  observed  repeti- 
tlons  of  detritnl  and  calcareous  deposits,  tbe  peculiar  lamination,  and  tbe 
abundant  distribution  of  graphite  and  apatite.  The  chief  agencies  of  altera- 
tion have  Ijeen  first  mngnpHlan  and  then  siliceous  solutions,  resulting  in  two 
great  processes.  First,  dolomitlzntlou ;  after  consideration  of  hypotheses,  it 
Is  concluded  that  this  has  l>een  due  to  saturation  by  magneslan  solutions  de- 
scending from  n  interite  cover.  The  sulwequent  process,  si  lid  fleet  Ion.  was  two- 
fold. Its  earlier  action  wan  pffected  by  thermal  waters,  also  derived  from  tbe 
laterite.  Tbe  cliief  product  was  pyroxene  rock  after  dolomite,  with  release  of 
calcium  carbonate  in  altemntfon  (first  variety  (n)  of  "eozoon"  structure). 
Kqual  objections  are  advanced  against  the  hypotheses  of  Dawson  and  of  KIuk 
and  Romney.  Other  forms  produced  by  different  c<inditlons  comprised  phlogo- 
XUZ— Biiuu  Gioi..  Boc.  Am.,  vot,.  24, 1913 
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plte' BDd  blotlte  after  dolomite  ("eowxm"  6> ;  antlgorlte  after  pyroxme 
("eosoon  o) ;  loganite  after  pyroxene,  pbli^oplte,  etcetera  ("eozoon"  d)  ;  alterr 
natlOD  of  pyroxene  and  apatite  ("eowKm"  o>.  The  later  tonn  of  slllflcation  waa 
effected  by  meteoric  waters,  resulting  In  antlgortte  after  dolomite  ("eoKion"  f) 
and  antlgorlte  after  nemalite,  cbrysotlte  ("eoioon"  0). 

A  secondary  result  of  the  same  processes  appear  In  tbe  (^Iclte-pegtoatlte 
veins,  peculiar  to  tbe  GrcnTllle  formaUoD.  Tbese  may  be  coarse  granitic  or 
banded,  and  tbelr  constitution  Is  abowu  by  a  larse  number  of  crosa-Bcctloas. 
and  tbe  source  of  the  calclte  deduced  from  reactionx  in  tbe  processes  of  slllfl- 
cation. On  tbe  derivation  of  tbe  apatite  In  these  reins  and  Id  the  llmesbHie 
beds  various  hypotheses  are  considered,  but  It  Is  attributed  to  a  process  of 
concentration  during  tbe  slllflcation  of  the  dolomite. 

NEW  LiaHT  OS  TBB  KBWKEHAWAS  FAULT 


(AUtract) 

Recent  exploration  and  drilling  have  shown  that  tbe  strata  on  the  east  side 
of  tbe  Copper  Range  were  uplifted  and  tbe  Eastern  or  JacobsvlUe  sandstone 
deposited  on  them,  and  that  since  then,  by  a  great  fftolt.  the  Trap  Range  haa 
overridden  these  sandstones  In  certain  places  several  hundred  feet  There 
was  a  peoeplanatlon  (Cretaceaus  ?)  Nubi'eqnentl3-.  but  tbe  Keweenawnn  rocks 
were  not  so  peneplaned  when  tbe  Eh  stem- JacobsvlUe  sandstone  was  laid  down 
but  that  pebbles  of  the  Keweenawan  traps  occnr  in  It. 


(Jfrstroct) 

The  evidence  for  glacia)  overdeepenliig  of  the  Warsaw,  Qeneeee.  and  Dans- 
vllle  valleys  will  lie  given,  and  from  the  pre-Glaclal  arrangement  of  tbe  stream 
valleys  the  question  of  northward  or  southward  drainage  In  New  York  dnrlnf; 
Tertiary  time  will  be  considered. 

DISODSSIOK 

Dr.  J.  W.  Sfekcer:  The  drainage  of  the  Canadian  Highlands  at  an  early 
date  was  doubtIes.«  to  tbe  south,  but  the  encroachment  of  the  Saint  Lawrence 
River  and  tributaries  lowered  tbe  northern  country  and  robbed  the  heads  of 
the  southbound  streams.  The  apparent  post-Glaclal  rise  Is  everywhere  north- 
ward, so  that  the  region  of  Ontario  was  relatively  lower  than  now.  When  the 
continent  Dtood  high,  before  the  Glacial  or  during  the  Glacial  period,  the  greater 
northern  elevation,  as  shown  In  the  submerged  channel  of  the  Gulf  of  Saint 
Lawrence  and  of  the  Hudson  River,  also  obtained  all  the  way  to  tbe  Onlf  of 
Mexico,  as  found  by  the  burled  valleys.  Accordingly,  when  the  floor  of  Lake 
Ontario  Is  found  to  be  1,400  feet  lower  than  the  rock  floor  which  crosses  the 
head  of  tbe  Dundaa  Valley,  there  Is  no  evidence  whatever  that  tbe  tilting  was 
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lu  the  direction  or  of  necessary  nmount  to  turn  the  drainage  from  tlie  deptba 
of  Lake  Ontario  to  the  southivest.  The  burled  Ertgan  and  other  tributary 
vallefB  to  that  of  Ontario  are  all  against  former  drainage  up  the  Dundas  Val- 
ley converging  toward  the  weat 

HOOTS  IN  TBB  VNDBB0L178  OF  GOAL 
BT   DATID   WBITE 

{Ab»tTact) 

On  a  close  Inspection  the  floor,  usually  an  "underclay,"  beneath  the  coal 
beds  lo  the  American  coal  flelds  U,  in  the  icreat  majority  of  caeee,  found  to 
contain  roots  of  vascular  plants  In  their  place  of  grovrth.  The  prevalent  oc- 
mrrMice  of  such  roots  of  various  kinds,  which  are  to  be  seen  nnder  the  com- 
mercially workable  coals  In  all  Selda  examined,  wtietber  of  Tertiary,  Hesozolc, 
<rr  Carboniferous  n^e.  clearly  Indicates  tbat  In  moet  areas  at  least  the  coal 
swamps  were  not  too  deeply  snbmei^ed  or  Inundated  to  permit  vascular  plants 
to  root  and  grow  In  plai'e  nt  the  commencement  of  the  formation  of  the  mother 
peat.  In  some  caxex  evidence  points  also  to  the  growth  of  arborescent  vegeta- 
tion on  the  surface  of  llie  growing  peat.  Sticb  growth  unquestionably  occurred 
on  the  partings  of  certain  coals  and  was  not  Infrequent  In  the  roofs  of  the 
submerged  peats. 

OBJBOT8  AKD  MBTBODa  OF  PBTROORAPHIO  DBBORIPTIOS 


iAhatract) 

The  object  in  moat  descriptions  seems  to  be  to  lay  a  foundation  fl>r  the  con- 
clusion, which  Is  usually  the  name  of  the  rock,  yet  there  Is  almost  always 
much  more  detail  than  Is  used  for  such  purpose.  This  Is  so  prominent  occa- 
sionally that  the  most  nppiireut  object  seems  to  be  to  record  as  much  detail 
as  the  Investigator  can  determine.  It  Is  quite  certain,  however,  that  the  real 
object  of  many  Hui'h  Rtudles  Is  a  quite  different  and  much  more  complicated 
matter — no  less,  Indeed,  than  determining  as  fully  as  possible  the  life  .history 
of  the  rock.  The  object  In  other  words,  Is  rock  interpretation  Inntead  of  classl- 
flcatlon  in  its  simplest  form. 

Forms  for  recording  data  for  use  In  the  simpler  cases  were  presented. 
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